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1 Fate and Behaviour of HNS

1.1 Introduction

The foremost step to an HNS incident is to prevent its release. If released, due to insufficient
time to react safety, environmental and socioeconomic impact need to be determined that
will relate to chemical and physical properties of the material. It depends on substances
flammable, reactive, toxic, explosive and corrosive potential. It is the physical fate, once
released into wider environment that will determine, if these properties will have an impact
depending upon its physical properties of volatility, density and solubility. Decision on first
action will be governed by the potential hazards of the chemicals spilled. However, if timespan
to response increases which in turn depends on hazards associated with the chemicals, the
longer-term response strategy shall be governed by the chemical’s behaviour.

1.2 Classification of HNS

1.2.1 HNS are classified into five different categories depending on their physical
and chemical properties, gases (G), evaporators (E), dissolvers (D), floaters (F) and
sinkers (S). As per Standard European Behaviour Classification (SEBC) they are divided
into following 12 groups’:-

Notation Property Group Properties

G Gas Evaporate immediately

GD Gas / Dissolver Evaporate immediately, dissolve
E Evaporator Evaporate Rapidly

ED Evaporator / Dissolver Evaporate Rapidly, dissolve
FE Floater / Evaporator Float, evaporate

FED Floater / Evaporator / Dissolver Float, evaporate, dissolve
F Floater Float

FD Float / Dissolver Float, dissolve

DE Dissolver / Evaporator Dissolve, evaporate
D Dissolver Dissolve

SD Sinker / dissolver Sink, dissolve
S Sinker Sink

Table 1: The Standard European Behaviour Classification (SEBC) System for Chemicals

1.2.2 However, substances might show several behavioural phases throughout a spill
depending on the characteristics of products and their exposure to environmental processes.

"Pg 5, ITOPF TIP 17, Response to Chemical Incidents
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The physical and chemical properties are predicted in the Safety Data Sheets (SDS) for
standard temperature about 20 deg C. However, atmospheric temperature at any given place
will affect the values of these properties.

1.3 Predicting Drift and Spread of Chemicals

The drift and spread of chemicals must be predicted as soon as possible in the marine
environment in order to develop risk analysis for the spill. The estimation will depend on
the physical properties of the HNS spilled as well as the weather conditions in area e.g.
temperature, pressure, current/ tidal conditions etc. There are various prediction models
present, but those may mislead or provide erroneous picture if unable to account for spilled
HNS physical properties. Forecasting the Gas Clouds is not easy to predict due to the
peculiar properties of different HNS and therefore assumptions shall be considered with the
reservations. It is complicated to forecast the behaviour of a chemical spill that floats on
the water surface. The spill's fate is generally influenced by drift and spread on the surface,
evaporation, dissolution, chemical reactions and other similar processes of conversion.
Similarly, it is difficult to calculate the fate of spill that sinks to bottom. The density of the
chemical affects the velocity by which the chemical sinks to bottom. The surface tension
and solubility of the chemical influence its behaviour on water surface as well as dispersion
and spread in water body during sinking to water bed. The underwater current along with
chemical density and water depth will decide for how long distance will chemically move in
direction of current prior settling at bottom. The chemical may also penetrate into sediment
which will depend on sediment’s properties and structure.

1.4 Fate and Behaviour of HNS when spilled at Sea

1.4.1 Key physical properties to assess the fate and behaviour of chemicals are as given
under the table 22.

Property Description

Density Density, p, (substance)= mass/volume. Gives an indication of the likelihood
that a substance will float or sink (average density of sea water: p = 1.025
g/cm3).
p (benzene) = 0.88 g/ cm?, floats. p (solid phosphoric acid)= 1.864 g/cm3,
sinks.

Specific Specific Gravity = p (substance)/p (water) is a non-dimensional parameter

Gravity i.e. does not have units. In fresh water also relative density.

Solubility The ability of a solid, liquid or gas to dissolve in a liquid (usually given for

fresh water). In sea water: s(benzene)=0.07%, slightly soluble; s(phosphoric
acid)=100%, miscible.

2Pg 6, ITOPF TIP 17, Response to Chemical Incidents
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Property

Description

Vapour
pressure

Describes the likelihood that a substance will evaporate to form a vapour.
The higher the vapour pressure, the more a substance tends to evaporate
(Slow evaporator VP>300Pa, fast evaporator VP>3kPa), VP(ethylene
glycol)=500 Pa; VP(ethanol)=5 kPa; VP(propane)=2.2 MPa.

Vapour
Density

Relative weight of a gas or vapour compared to air, which has an arbitrary
value of one. If a gas has a vapour density of less than one it will generally
rise in air. if the vapour density is greater than one, the gas will generally
sink in air. The property is based on molecular weights. Molecular weight
of air=29 atomic mass units (AMU). Hydrogen = 2 AMU and thus a vapour
density of 2/29=0.068, rises. Hexane=84 AMU; vapour density = 84/29=2.9,
sinks.

Flash Point

The flash point of a volatile material is the lowest temperature at which it
can vaporise to form a mixture in that will ignite when exposed to an ignition
source. Flash Point T(phenol)=79°C, Flash Point T(benzene)=-11.1°C,

Lower
Explosive
Limit (LEL)

The lowest concentration (percentage) of a gas or a vapour in air capable of
igniting in the presence of an ignition source. At a concentration in air below
the LEL, insufficient fuel is available to burn and the air/ fuel mixture is ‘too
lean’. Also expressed as lower flammable limit (LFL). LEL(benzene)=1.2%
by volume of air (12,000 ppm), LEL(methane(CH,)) at 20°C=5.1%.

Upper
Explosive
Limit (UEL)

Highest concentration (percentage) of a gas or a vapour in air capable of
igniting in the presence of an ignition source. Concentrations higher than
the UEL are ‘too rich’ to burn, also expressed as upper flammable limit
(UFL). UEL(benzene)=7.8% by volume of air (78,000 ppm).

Flammable
Range

The concentration range between the upper and lower flammable limits.

Auto-Ignition
Temperature

Minimum temperature at which a chemical ignites when no ignition source
is present. Auto-Ignition T(benzene)= 538°C.

Boiling Point

Boiling Point T(propane)= -42°C, T (ammonia)= -33°C, T(sulphuric acid)=
-337°C, T

Table 2: Key physical properties to assess the fate and behaviour of chemicals

1.4.2 Hazard is an important element that needs to be considered apart from physical and
chemical behaviour of HNS spilled. Hazard may be defined as something that may harm
human beings and environment. Explosivity, flammability and toxicity are considered as
potential hazards and assessment of risk may be undertaken to understand effect on human
health, marine ecosystem and other resources.
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1.4.3 Explosivity. In accordance with UN Model Regulations, an explosive substance is
‘A solid or liquid substance or mixture of substances which is in itself capable by chemical
reaction of producing gas at such a temperature & pressure and at such a speed as to
cause damage to the surroundings. An explosion is a reaction that produces gas at an
accelerated rate in short span of time. It may be in form of detonation or deflagration. In
confined environment like liquid tankers, deflagration explosives build up pressure, leading
to detonation. The energy thus produced during such release is phenomenal in the form of
shockwave and therefore may lead to significant damage.

1.4.4 Flammability. The flammability of substance can be defined as ease with which a
combustible substance can be ignited causing fire or explosion. Flammability is generally
defined by flash point, auto ignition temperature and lower/ upper flammable limit. Fire triangle
plays a dominant role in flammability with three components in action viz combustion source,
ignition source and flammable source. Hence, fire can be prevented by removing one of the
sources from scene of fire.

1.4.5 Oxidation. Oxidising materials have capability to decompose and release oxygen. In
case of fire, they can cause fire to expand by providing oxygen. These oxidising materials
may cause combustible material to ignite without presence of any source of ignition. Oxidising
substances and organic peroxides are defined under UN Model Regulations.

1.4.6 Corrosion. Corrosive material is highly reactive substance that cause damage to
another material by chemical reaction. This process may take instantaneously or progress
slowly. Corrosion may cause death, severe tissue damage to living organism and may
become irritant at low concentrations. Corrosion is indicated by pH value of any substance.
Pure water has pH value of 7, it's neither acidic nor basic. Any substance with pH value < 2
or > 11 are termed as skin corrosive by GHS. UN Model Regulations under Class 8 define
Corrosive substances, both liquids and solids are substances which, “by chemical action, will
cause irreversible damage to the skin, or, in case of leakage, will materially damage, or even
destroy other goods or the means of transport’.

1.5 Types of Hazards & Effects
Types of hazards and its effect can be classified as given below:-

1.5.1 Ecotoxicity. Toxicity is defined as degree to which a substance can harm cell, organ
or whole organism. Toxicological data is described as dose descriptors in terms of mg/l or
ppm indicating no-effect threshold for human health or environment. Toxicity is measured
from no effect concentration to the effective or lethal concentration also known as EC, or
LC,, test. It is also assessed for a substance with respect to short term to long term toxicity,
also termed as chronic and acute toxicity. Toxicity generally implies to individual organisms
but ecotoxicity is a combination of ecology and toxicity. It addresses potential for a substance
to affect community of organisms or an entire ecosystem.
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1.5.2 Bioaccumulation. Itis the increase in concentration of contaminants via environmental
medium. The bioaccumulation potential of substance depends on affinity for water, lower the
affinity, higher the bioaccumulation potential. The data on bioaccumulation is available in the
SDS.

1.5.3 Degradation. Degradationis ability of substance to degrade in the environment through
chemical, physical or biological processes. Degradation data is generally not available in the
marine environment. It is therefore not available in SDS. The biodegradation data is provided
in terms of half-life which means time taken for an amount of substance to be reduced by half
through degradation.
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2 Occupational Health and Safety Related to HNS

2.1 Hazard

A substance’s chemical and physical properties not only determine its behaviour but also
its hazard(s). In general terms a hazard is defined as something that can cause harm to
people and the marine environment whereas a risk is the probability to be harmed if exposed
to the hazard. There are two main guidance documents governing and harmonizing all
communication or substances hazards, which are:-

2.1.1 The “UN Orange Book” or “UN Recommendations on the Transport of Dangerous
Goods — Model Regulations” (UNECE 2015), which forms the basis for most transport
regulations such as the IMDG Code and IATA.

2.1.2 The “UN Purple Book” or “Globally Harmonised System of Classification and Labelling
of Chemicals (GHS)” (UNECE, 2019), which defines physical, health and environmental
hazards of chemicals, harmonises classification criteria and standardizes the content and
format of chemical labels and Safety Data Sheets.

2.2 Type of Hazards

It is important to understand the hazards related to HNS Cargo which will have a bearing on
the occupational safety and health, associated with HNS handling/ spillage. The IMDG Code
has divided the dangerous goods into the various classes based on United Nations classes.
The same can be categorised as follows: -

2.2.1 Class 1 Explosives. In accordance with UN Model Regulations, an explosive
substance is a solid or liquid substance (or a mixture of substances), which is in itself capable
by chemical reaction of producing gas at such a temperature and pressure and at such a
speed as to cause damage to the surroundings. In the field of maritime emergency response,
itis also important to understand the concept of a “Boiling Liquid Expanding Vapour Explosion
(BLEVE)” especially in cases involving liquefied gas tankers. When a tank containing
pressurized liquid on board a ship is heated and if the liquid’s temperature exceeds its boiling
point and the pressure relief valve’s (a mandatory requirement of the IGC Code, which can
temporarily reduce the overpressure in the tank) capacity is exceeded, the tank may not
be able to contain the pressure which can lead to mechanical failure leading to explosion.
A BLEVE does not systematically involve a fire, however if the substance is flammable, it
is likely to ignite and potentially form a “fireball” or vapour cloud explosion. As per the UN
Class 1 categorisation, the explosive category of cargo are further subdivided into following
six subcategories:-
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2211 Division 1.1 - Substances and articles which have a mass explosion
hazard.

2212 Division 1.2 - Substances and articles which have a projection hazard
but not a mass explosion hazard.

2213 Division 1.3 - Substances and articles which have a fire hazard and
either a minor blast and/ or minor projection hazard.

2214 Division 1.4 - Substances and articles which present no significant
hazard.

2215 Division 1.5 - Very Insensitive which have a mass explosion hazard.
2216 Division 1.6 - Extremely insensitive article which do no have a mass

explosion hazard.

2.2.2 Flammability. The flammability of a substance can be defined as the ease with which
a combustible substance can be ignited causing fire or explosion. Flammability is generally
defined by:-

2.2.21 Flash Point. It is the lowest temperature at which the vapours of a
material can ignite when exposed to an ignition source. The lower the flash point
temperature, the easier it is to ignite a material.

2222 Auto Ignition Temperature. It is the lowest temperature at which the
vapours of a material can self-ignite (without an ignition source). The lower the auto
ignition temperature, the easier it is for the material to self-ignite.

2223 Lower/ Upper Flammable/ Explosive Limit (UFL/ UEL/ LFL/ LEL). It
marks the range within which a concentration of combustible material and oxygen in
the air can burn (flammable range). If a flammable substance is released during an
incident, its concentration in the air may vary, wherein the atmosphere can change
from a highly concentrated non-flammable mixture, too rich to burn, to flammable
(combustible substance / air mixture) when it drops below the UEL. The atmosphere
will change from flammable to non-flammable (substance / air mixture too lean to
burn) when it drops below the LEL.

2224 As per the UN Model Regulations, the flammable category of cargo falls
under Class 2 and 3 which are further subdivided into following three sub-categories:-

22241 UN Class 2.1. Flammable gases at a standard pressure
101.3 kPa at 20°C.

22242 UN Class 3. Flammabile liquids with a flash point of not
more than 60°C.
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2.2.2.4.3 UN Class 4.1. Flammable solids, which are readily
combustible or may cause or contribute to fire through friction.

2.2.3 Oxidation. Oxidising materials have ability to decompose and release oxygen or an
oxidising substance. In case of fire, they can cause fire to expand by providing oxygen.
These oxidising materials may also cause a combustible material to ignite without presence
of any source of ignition. The UN Model Regulations define the following two classes of cargo
which can be prone to oxidation :-

2.2.3.1 UN Class 5.1. Oxidising substances which include “substances which
while not necessarily combustible, may generally by yielding oxygen, cause, or
contribute to, the combustion of other material”.

2232 UN Class 5.2. Organic peroxides, which are thermally unstable
substances, which may undergo exothermic self-accelerating decomposition. In
addition, they may be liable to explosion or fire and react with other substances.

2.2.4 Corrosion. A corrosive material is a highly reactive substance that cause damage
to or destroys another material by chemical reaction. This deterioration process might be
almost instantaneous or slow progressing. Corrosive substances can cause death or severe
tissue damage to living organisms. A corrosive substance might be called an irritant at low
concentrations. Corrosion is indicated by pH value of any substance, which specifies how
acidic or basic a solution. Any substance with pH value <2 or > 11 are termed as skin corrosive
by GHS. UN Model Regulations specify corrosive substances under Class 8, which defines
corrosive substances (both liquids and solids), as substances which, “by chemical action,
will cause irreversible damage to the skin, or, in case of leakage, will materially damage, or
even destroy, other goods or the means of transport”. The effect of corrosive substances on
human health includes:-

2.24.1 Corrosive liquids present a severe hazard to the eyes and skin by direct
contact.
2242 Corrosive gases are hazardous to all body parts, but certain areas such

as respiratory tract might be particularly sensitive.

2243 Corrosive solids can cause severe burns to the skin. Inhalation of
corrosive solid dust might also impact the respiratory tract.

2.2.5 Reactivity. In addition to a substance’s individual fate, behaviour and hazards,
responders need to consider its reactivity to water, air, other products, and/ or itself
potentially producing heat and or flammable / explosive gases. Reactive substances can
be gaseous, liquid or solid. They do not belong to a homogenous chemical group and show
very different properties and behaviour. The hazard classification for these substances is
therefore associated with the type of reaction and the related by-products. Substances
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reacting with themselves, each other or the environment often release heat (exothermic
reaction) or produce flammable gases or explosive, corrosive or toxic materials, with serious
consequences for human health and the environment. During an incident involving multiple
HNS substance reactivity and the related risk of explosion/ fire are often challenging to predict
which increases the difficulties associated with any response operations. The UN Model
Regulations categorise the reactive cargo into following three categories:-

2.2.5.1 UN Class 4.1. Flammable solids/ self-reactive substances which are
readily combustible substances or may cause or contribute to fire through friction.

2.2.5.2 UN Class 4.2. Spontaneously combustible solids which are either pyro-
phosphoric substances which even in small quantities ignite within five minutes of
coming in contact with air or self-heating substances which in contact with air are
liable to self-heating.

2253 UN Class 4.3. Dangerous when wet includes substances which by
interaction with water are liable to become spontaneously flammable or to give off
flammable gases.

2.3 Hazard for Environment (Ecotoxicity)

There are several parameters which determine whether a substance is considered hazardous
to the marine environment, which include: -

2.3.1 Toxicity. Toxicity is defined as the degree to which a substance can harm cell, an
organ or a whole organism. Toxicological data are described as dose descriptors in terms of
mg/l or ppm indicating no-effect threshold for human health or environment. They are divided
into following categories: -

2.3.1.1 No Observed Effect Concentration (NOEC). Concentration below
which an unacceptable effect is unlikely to be observed.

2.3.1.2 Lowest Observed Effect Concentration (LOEC). Lowest tested
concentration at which no effects are observed.

2313 Median Effective Concentration (EC, ). Concentration of a substance
expected to produce a certain effect in 50% of test organisms.

2314 Median Lethal Concentration (LC, ). Concentration of a substance at
which 50% of the test species are expected to die.

2315 Acute Toxicity. It describes the adverse effects of a substance on a
specific test species resulting from a single exposure or from multiple exposures
during a short period of time. The higher the LC, or EC, of a given chemical, the lower
the acute toxicity.
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2.3.1.6 Chronic Toxicity. It describes the adverse effects of a substance
occurring as a result of repeated daily dosing with, or exposure to, a substance for a
long period of time.

2.3.2 Bioaccumulation. It is the increase in contaminant concentrations in organisms
following uptake from the environmental medium. The bioaccumulation potential of substance
depends on affinity for water, lower the affinity, higher the bioaccumulation potential. The data
on bioaccumulation is available in the SDS.

2.3.3 Degradability. It refers to the potential for a substance to degrade in the environment
through chemical, physical or biological processes. Degradability data is sparse, especially
for marine environments, hence, it is not always included in SDSs. The degradability data
is provided in terms of half-life which means time taken for an amount of substance to be
reduced by half through degradation.

2.3.4 Persistence. It refers to the resistance of a chemical to degradation. As such the
persistence cannot be measured directly and only the continued measurable presence of a
certain chemical in the environment or the systematic resistance to degradation can suggest
its persistence.

2.4 Hazard for Human Health

For occupational health and safety exposure limits are often stated for various routes of
contact such as inhalation, dermal exposure, ingestion with different exposure times. The
Protective Action Criteria (PAC) for chemical dataset are used to evaluate the severity of the
event, to identify potential outcomes and decide what protective actions should be taken. The
threshold stands are:-

241 PAC 1. Mild, transient health effects.

2.4.2 PAC 2. Irreversible or other serious health effects that could impair the ability to take
protective action.

2.4.3 PAC 3. Life threatening health effects.

2.4.4 The Threshold Limit Value (TLV) of a chemical substance is the level to which a worker
can be safely exposed 8 hours a day, 5 days a week without adverse effects. There are
typically three categories of TLV:-

2441 Time Weighted Average (TLV-TWA) for daily life-time exposure.

2442 Short-Term Exposure Limit (TLV-STEL) for maximum exposure during a
15 minutes period.

2443 Ceiling (TLV-C) for maximum exposure at any given time.
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2.4.5 To predict the severity of chemical exposure in humans, emergency response
planners and responders are to use public exposure guidelines such as Acute Exposure
Guideline Levels (AEGL). AEGLs are expressed as concentrations of airborne chemicals
at which health effects might occur following rare/ once in a lifetime exposure. They are
calculated for five exposure periods (10 minutes, 30 minutes, 1 hour, 4 hours and 8 hours)
and concentrations are given in three levels:-

24.51 AGEL Level 1. The concentration predicted for the population to
experience notable discomfort. The effects are not disabling and are transient upon
cessation of exposure.

2452 AEGL Level 2. The concentration predicted for the population to
experience irreversible, serious, long-lasting health effects or an impaired ability to
escape.

24.5.3 AEGL Level 3. The concentration predicted for the population to

experience life threatening health effects for death.
2.4.6 As per UN Model Regulations the toxic hazard for human health is categorised as:-

24.61 UN Class 2.3. Toxic gases are either known to be so toxic or corrosive as
to pose a human health hazard or gases which are presumed to be toxic or corrosive
to humans because they have an LC,, value equal to or less than 5000 ml/m?* (ppm).

246.2 UN Class 6.1. Toxic substances are liable to cause death or serious
injury or to harm human health if swallowed or inhaled or by skin contact.

2.5 Details in IMDG Code

Chapter 3.2, Volume-2 of International Maritime Dangerous Goods (IMDG) Code, as amended
from time to time, published by IMO provides details of properties and observations of
different dangerous goods transported over sea and so of HNS. Hence, the same may
be referred in the event of HNS spill at sea.

2.6 Categorisation of Noxious Substances

As per regulation 6 of Annex Il of MARPOL, Noxious Substances are categorized into
following categories?:-

2.6.1 Category X. Noxious liquid substances which if discharged into sea from tank
cleaning or de-ballasting operations are deemed to present a major hazard to either marine
resources or human health and therefore, justify the prohibition of the discharge into the
marine environment.

3 Pg 175, Annexe I, Reg 6 Ch 2 of MARPOL
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2.6.2 Category Y. Noxious liquid substances which, if discharged into sea from tank cleaning
or de-ballasting operations are deemed to present a major hazard to either marine resources
or human health or cause harm to amenities or other legitimate uses of sea and therefore,
justify a limitation on the quality and quantity of the discharge into the marine environment.

2.6.3 Category Z. Noxious liquid substances which, if discharged into sea from tank cleaning
or de-ballasting operations are deemed to present a minor hazard to either marine resources
or human health and therefore, justify less stringent restrictions on the quantity or quality of
the discharge into the marine environment.

2.6.4 Other Substances. Substances indicated as OS (Other Substances) in the pollution
category column of the International Bulk Chemical Code which have been evaluated and
found fall outside category X,Y or Z as defined in regulation 6.1 of Annex Il of MARPOL
because they are at present considered to present no harm to marine resources, human
health, amenities or other legitimate uses of sea from tank cleaning or deballasting
operations. The discharge or bilge or ballast water or other residues or mixtures containing
only substances referred to as other substances shall not be subject to any requirements of
Annex Il of MARPOL.

2.7 Symbology of Various HNS
Symbology of HNS substance is placed at Appendix A.
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3 Analysis and Monitoring

3.1 Analysis

3.1.1 On the reporting of an HNS incident, situation assessment/ analysis is the starting
point of the decision-making process and should help to define the strategy for protecting the
population, environment and/ or amenities. Therefore, the situation assessment should take
into account existing or potential risks, directly related to the conditions of the accident. When
the strategy is defined, it can be translated into tactics and techniques to be deployed in the
field. This is an ongoing process that should be regularly updated.

3.1.2 Situation assessment/ analysis is required for any intervention. Depending on the size
and conditions of the incident, the risk assessment may be different. The following aspects
may broadly be considered towards this:-

3.1.2.1 For a small leakage, proficient personnel trained in chemical hazards
can assess the situation and on the basis of procedures indicated in the emergency
plan, can implement first measures to stop or mitigate the HNS release.

3.1.2.2 For more complex situations involving HNS, such as a large spill, a high
potential impact, a high level of hazard, difficult salvage or response operations, a
more robust assessment of the situation is required before response implementation.
In this case, the situation assessment is performed according to the planning section
of the structural organization.

3.1.2.3 Three main steps in the situation analysis/ assessment include:-

3.1.2.3.1 Hazard ldentification

. Physical hazards of HNS — danger, class(es), sub class(es) of
danger.

. Toxicological levels.

. Hazards related to the vessel.

. Environmental conditions.

. Hazards of the HNS cargo on environment — Ecotoxicological
effects.

. Hazards for areas or entities (shore areas, aquaculture, water

intakes, tourism etc.)

3.1.2.3.2 Estimation of Risk and Vulnerability
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. Probability of population being exposed to HNS.

. Probability of the pollutant reaching environmentally sensitive
areas.
. Probability of the pollutant to reaching socio-economically

sensitive areas.

3.1.2.3.3 Evaluation of Consequences
. Number of proven or potentially injured people.
. Health impact on population and responders.
. Proven air potential impacts on the environment.
. Losses (proven or potential), costs, loss of activity etc.

3.2 Incident Data Gathering

3.2.1 Situation assessment is required for any intervention. During an HNS incident, it is
crucial to obtain verified details about the spilled substance’s correct name and its properties.
It is essential that the following information be obtained as soon as possible in order to

assess the situation:-

3.2.11 Basic Information.
3.2.1.11 Details of vessel.
3.21.1.2 Date and time of incident (LT/ UTC).
3.21.1.3 Position (Latitude/ Longitude).
3.21.14 Number of crew (including health status).
3.21.1.5 Cause of the incident.
3.21.1.6 Nature of damage.
3.2.1.1.7 Status of vessel and response operations as well as
actions taken so far.
3.2.1.1.8 Cargo onboard and description of pollution or dangerous
cargo lost overboard/ spilled.
3.21.2 About Cargo.
3.2.1.2.1 Cargo Certificate/ Shipper’s Declaration/ Dangerous

Goods Declaration and SDS.

3.2.1.2.2

UN or CAS Number, State of Chemicals — solid, liquid,

gas, bulk or packaged.
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3.21.3

3.2.21

3.2.1.2.3 Manufacturer’s contact details which might be needed to
obtain the most recent and up-to-date SDS (or other substance —specific
information).

About Bunkers.
3.2.1.3.1 Bunkering Certificate.

3.2.1.3.2 Main characteristics — density, viscosity, pour point,
distillation characteristics, wax & asphaltene content and volume.

3.2.1.3.3 Distribution of cargo/ bunkers/ location relative to damage
using the ship’s General Arrangement Plan.

3.21.34 Pollution Observation Report. Pollution observation —
pollution incident report by the vessel, pollution observation report by
authorities/ general public.

3.2.1.35 Source for each key piece of information for each vessel
type is as follows:-
Key Information Containment Tanker Bul.k
Cargo Carrier
Exact Cargo Bill of Lading
Name
Exact Cargo Safety Data Sheet
Properties
Summary Dangerous Goods | Cargo Certificate/ | Shipper’s
Declaration/Cargo | Cargo of Origin | Declaration
Manifest
Location Stowage Plan Tank Cargo
onboard Arrangement stowage
Plan plan

Table 3: Piece of Information of Vessels

3.2.2 The first information gathered, followed by the results of measurements and analysis,
as well as the predictions made by modeling dictate the emergency measures to be taken
and the response techniques to be deployed. Three possible scenarios exist in terms of
response:-

Response is impossible because the window of opportunity is too small.

For example, in case of the sudden complete disintegration of a ship.

3.2.2.2

Response is too risky because the substance is too reactive or because

no information is available on the substance(s) involved.
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3.2.2.3 Response is possible because the risk is known, measured or even
controlled.

3.2.3 The choice of response strategy is essentially dictated by the following three criteria
for which the thorough analysis/ assessment of the scenario is to be undertaken: -

3.2.3.1 The accident area (offshore, inshore, port area).

3.2.3.2 The location of the product (in the vessel or released).

3.2.3.3 The behaviour of the product spilt (Gas, Evaporator, Floater, Dissolver,
Sinker).

3.3  Monitoring

3.3.1 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 ineffective or inappropriate.
The transfer of information to response coordinators is a key stage. Assessment of the extent
and severity of impacted environmental compartments is based on three main components
of monitoring methods These monitoring systems are complementary and might all need to
be considered during a response. These are:-

3.3.1.1 Modeling.
3.3.1.2 Remote Sensing.
3.3.1.3 Measurements and analysis.

3.3.2 Modeling. Computer based HNS fate, behaviour and trajectory are used to predict
and prepare for potential impacts. However, the level of relevance and reliability depends on
the capability and reliability of the modeling software and information gathered as input for
the model. To validate the outputs from modeling, it is thus necessary to obtain quantified
field data, either by remote sensing or by measurements obtained via in situ measurements
or sampling and analysis.

3.3.3 Remote Sensing. Existing remote sensors used to detect and map oil spills may
be used to detect floating HNS or packaged goods. For HNS with other types of behaviour,
remote sensing still remains challenging. For instance, the kinetics dissemination of a
vapour cloud is too fast to be detected easily with satellite detection. However, emerging
technologies, such as autonomous sensors integrated on Remotely Piloted Aircraft Systems
(RPAS), may be promising to improve the detection of HNS. The development of innovative
and miniaturized sensors may offer the possibility to identify a wider range of HNS and their
integration on RPAS will improve the capacity to detect HNS, avoiding direct exposure to
responders in the field, especially for explosive, flammable or toxic plumes. In the aquatic
compartment, remote sensing may be possible with active sonar to detect sinker HNS or
packages on the seabed or some floating HNS.
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3.3.4 Measurements and Analysis. Both in situ and laboratory analysis, described
hereafter, may sometime be used to obtain different level of information or for different
purpose. For instance, a rough or qualitative analysis performed in situ may be useful to get
first operational information while further sampling and analysis at laboratory may appear
necessary to obtain more accurate information.

3.3.4.1 In situ Analysis. In-situ analysis can be carried out provided that certain
requirements can be met. The performance of the detector must be sufficient in relation
to the expected measurement result (for instance limit of detection or accuracy) but it
must also be able to operate under possibly harsh conditions and over a given period
of time.

3.34.2 Laboratory Analysis. Sampling for future laboratory analysis may be
required or desired for a variety of reasons, some of which are listed below: -

3.3.4.2.1 In situ analysis might not possible for technical reasons
(e.g. lack of portable equipment for analysis, time limitations, risky or
harsh conditions in the field).

3.34.22 The chain of custody for liability investigations might
require specific procedures excluding in situ analysis.

3.34.23 The chemical of interest is unknown.

3.3.5 The objectives of monitoring must be prioritised and integrated in a coordinated
monitoring programme to avoid duplication of work, as well as to avoid missing chances of
important measurements. The strategy must be led by a Monitoring Coordinator and should
be built in a collaborative effort between experts and with the advisory opinion of possible
third parties. The Environmental Monitoring Coordinator should continue their activity during
the whole period including post-spill. The objective is to gather information potentially from
multiple sources or various locations over a period of time to obtain a better/ more accurate
overview of the situation. To implement the monitoring strategy, different duties fall under the
responsibility of the Environmental Monitoring Coordinator, which include:-

3.3.5.1 Establish a plan for documentation of the work and introduce a chain of
custody.
3.3.5.2 Make arrangements for appropriate monitoring if health risks are liable
to occur.
3.3.5.3 Make sure that necessary measurements can be taken concerning the

extent, severity and accuracy of both the spill and contaminated items as well as
suspected sources.

3.3.54 Judge whether special examinations of the spill are needed to facilitate
spill response measures.
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3.3.5.5 Judge if short-term and/ or long-term environmental impact may be
expected. If so, contact the appropriate agencies.

3.3.5.6 Judge whether special examinations and analysis are needed when
providing for general and specific needs for information.

3.3.5.7 Contact responsible bodies for transport and disposal. Check what
special information is needed in this context and make arrangements for relevant
analysis.

3.3.6 Where should Monitoring be Performed. HNS can exhibit one or several behaviours
that result in them distributing to different environmental compartments e.g. the atmosphere,
water surface, water column, seabed or shoreline. In addition to the behaviour of the chemical
and its toxicological data, the location of the incident and the corresponding ecosystem can
specifically affect biota (flora or fauna). From the location of the incident, the short-term
behaviour of the chemical (SEBC), the forecast modeling outputs or the expected fate, a
sampling strategy needs to be established. It will detail the number and location of analyses to
be performed for each parameter to monitor (chemical, temperature, etc.) making it possible
to compare values, interpret and achieve the set objectives.

3.3.7 Preparation of a Monitoring Strategy. Depending on the objective and behaviour
of the chemical, the proper method for sampling or analysing will need to be selected.
Monitoring can occur at different stages of the incident management, from the very beginning
after the HNS spill up to post-spill stage and can be implemented under various ways. It is
essential to select the type of measurement and what must be monitored with the type of
detection device. The target product should be the chemical spilled or, when not possible or
more relevant, any other chemical or biological indicators and reflecting the level of pollution.
The analytical method used should reflect the presence of pollutant. During the response
phase it is important, possibly urgent depending especially on the spilled substance to
perform measurements to assess the situation and decide on suitable counter-measures.
Beforehand, it is important to have identified, within the contingency plan or at least during
the planning stage, procedures and resources able to perform analysis for instance with
sampling protocols, guidelines or expert input. Three main types of strategy, if possible
combined, can be used to establish an impact assessment following an HNS spill:-

3.3.7.1 Comparison of post-incident data with pre-incident data.
3.3.7.2 Comparison of data from impacted sites with data from reference sites.
3.3.7.3 Analysis of post-incident data monitored over a period of time to describe

the recovery process.

3.3.8 Once the monitoring strategy has been decided, sampling should be performed as
soon as possible as preserving sample may be possible (for instance by freezing them)
before determining a parameter to be measured at a later stage.
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4 Modeling Tools

41 Modeling

A computer-based model can be an extremely useful tool during an HNS spill. Generally,
these models are computer programmes that are designed to simulate what might (forecast)
or what did happen (hindcast/ backcast) in a situation. They can be created to simulate
almost any scenario however, to make a model from scratch will require expertise and a lot
of testing to ensure the model is working. Many organisations and research institutes have
developed models to simulate different aspects of HNS spills. Specific model capabilities
include as enumerated in succeeding paragraphs.

4.2 Predicting the Fate of Pollutants

Fate models predict how a pollutant changes both physically and chemically when released
into the environment. Such models are used as a tool to help understand the expected
characteristics and behaviour of a pollutant and prepare for an efficient response. Although
fate models can be stand-alone, they are usually built within a trajectory model, as physical
and chemical changes can alter a pollutant’s behaviour and subsequently its trajectory.
Fate models require detailed specifications of the pollutant such as physical and chemical
properties along with environmental data such as temperature and wind speed.

4.3 Predicting a Pollutant Trajectory in Water

Trajectory models can simulate the movement of a pollutant in water, using environmental
data such as wind, currents and wave information as well as the substance’s physical
characteristics. The simulation can be either forward looking or backtracking. Forward
modeling can help with predicting where the pollutant may strand along a shoreline
or provide warning if it is heading towards a particularly sensitive area. Likewise,
by using the model to backtrack a situation it can be used to work out where the
pollutant may have come from. These models can be either 2D (movement at the water
surface only) or 3D (movement within the entire water column).

4.4 Predicting a Pollutant Trajectory in Air

Trajectories of hazardous gas clouds that are a result of an HNS incident can be modelled
using an atmospheric dispersion model. Generally, these models can estimate how quickly
the chemical will be released into the atmosphere and how it will travel downwind. Along
with the pollutants’ physical and chemical properties, the models require environmental data
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relating to wind and temperature. The model results can then be used as an indication of
where there may be significant threat to human life.

4.5 Analysing Response Methods

4.5.1 Models can also be used to analyse different response methods. They are used only
as a guide to help manage resources which is particularly useful in the case of a large incident
with limited resources. Fate models are usually used in conjunction with response models as
the pollutant may change physically and chemically over time, resulting in different possible
recovery totals. However, they can also be combined with trajectory models, allowing for an
overall prediction of how the incident will evolve and be managed.

4.5.2 Towork, a model needs information regarding the incident, pollutant and environmental
conditions, for instance the incident time and location, pollutant properties, atmospheric &
water temperatures, and wind speed & direction. However, for a model to produce reliable
results, the input data needs to be as accurate as possible. Accurate data is not always
feasibly obtainable for several reasons. Firstly, there may not be any environmental data
available in the required area or timeframe, information may be missing regarding the
incident, or the pollutant properties may be unknown.

4.5.3 Secondly, the spatial and temporal resolution in environmental datasets may be
too large to represent certain physical processes. For example, turbulent eddies in water
prevalent around coastlines and in rivers, may be too small to be represented in current data.
In addition to input data inaccuracies, during the construction of a model, approximations and
assumptions are unavoidable, therefore no model will unfortunately ever be entirely exact.
Also, models cannot take into consideration multiple substances and reactivity. With these
points in mind, it is important that models should not be relied upon entirely but rather used
as a guide, validating results through in situ observations where feasibly possible.

4.6 Models Available

Specialist training to learn to use models for an HNS incident and understand their limitations
is advised. Alternatively, many modeling providers or developers can carry out the modeling
themselves and provide an explanation of the results, through contract based work. Usually,
modeling providers will also have access to the environmental data needed for the model,
such as wind speed and direction, sea temperatures, wave heights, in addition to chemical
and SDS databases. The table below lists some, but by no means all, models that have been
created for use in an HNS incident. QOil spill models have been added since they might be
suitable to predict the fate and behaviour of substances such as vegetable oils.
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Model Developer/Provider Capability

AIRMAP RPS ASA Chemical air trajectory and fate

ALOHA (open source) [ NOAA Chemical air trajectory and fate
CALPUFF Tetra Tech Chemical fate

CHEMMAP RPS ASA Chemical air and sea trajectory and fate
MOHID Water MOHID 3D at-sea and air chemical trajectory

2D at-sea oil and floating objects (such
as containers) trajectory

Chemical/ objects at sea and air
trajectory and fate

MOTHY Meteo-France

Open Drift/Open Oil

MET Norway
(open source)

Table 4: Modeling Tools Available for Prediction of HNS Trajectory
4.7 Monitoring of Gas Clouds

Modeling of gas cloud in air would require chemical and physical parameters of the substance,
weather condition and forecast, type of spill source. Monitoring can be achieved using remote
measuring instruments and search techniques. Aerial surveillance through aircraft cannot be
applied in case of explosive or unknown gas. Drones offer a good alternate. Markers can be
employed.
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5 Model Hazardous and Noxious Substances
Response Guidance ing Tools

5.1 General

There are no universally applicable response and intervention techniques in case of incidents
involving HNS at sea. Each response to tackle a release at sea and mitigate the potential
impacts is unique and depends on numerous variables, such as:-

5.1.1 The list of HNS potentially involved in a spill is very long and their behaviour is difficult
to predict.

5.1.2 The complexity is increased by the specificities of the incident location, environmental
conditions, possible mixing of chemicals, reactivity, etc.

5.1.3 The level of preparedness as well as the availability of suitable equipment and training
level are key factors in the effectiveness of the response

5.2 Guidance for Responders

This chapter aims to guide involved personnel (decision-makers, responders) through the
different phases of a marine HNS emergency, and assist with the response. Itis essential to be
able to rely on a well-developed contingency plan. The response phases are not necessarily
sequential, they may be carried out simultaneously, always keeping in mind that the priority
objective must be to save lives in danger and to preserve the health of the responders.
Chronologically the following phases can be identified:-

5.2.1 Incident Notification. Reporting of incident by observers such as casualty’s captain,
pollution observation systems, general public etc. The level of detail of any initial report
will be dependent on whether there is a direct link between the pollution observed and the
polluter. If there is no attributable source to the pollution observed, information about the type
of cargo spilled will not be immediately available but instead will need to be gathered by first
responders on site through monitoring and sampling. Notification of an incident involving
HNS can be received via:-

5.2.1.1 Ship Reporting System produced by the Captain of the casualty or a
responding or passing vessel.

521.2 Pollution Report (POLREP) by a Coastal State as part of their
intergovernmental pollution notification system.
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5.2.1.3 Pollution observation report/detection log produced by a trained aerial
observer.

5214 Automated spill response notifications (satellite-based surveillance).
5.2.1.5 Unofficial written/verbal reports from members of the general public

(report of visually observed pollution in port for example).

5.2.2 Information Gathering. Data gathering/ research into the characteristics of involved
substances (physical, chemical and biological data) and/ or containers as well as their
behaviour, weather and sea conditions and forecasts, ecological and economic characteristics
of affected area. Once the initial incident notification has been received, it is crucial for
decision-makers and responders to gather objective information about the case to support
the first response actions. Initially, data might be scarce and difficult to verify. However, with
time and access to various information sources, the overall understanding of the situation
increases. The quantity of incoming information might be challenging to verify, prioritise and
filter. All information should be funnelled and relayed to the Command Centre, which is in
charge of analysing it and passing it. There are two types of data that can be collected: -

5.2.2.1 Information Specific to the Incident. Responders should aim to obtain
essential information on the location of the incident and the status of the vessel, bunkers
and cargo, as well as in-situ meteorological data, as quickly as possible. The first
information likely to be received would be from the captain and the vessel’s crew as
they follow the procedures outlined in the Shipboard Marine Pollution Emergency Plan
(SMPEP), which includes reporting requirements, response protocols/ procedures
and national and local contact points. Shipping documents such as Cargo Certificate/
Shipper’s Declaration/ Dangerous Good Declaration and the appropriate SDS are the
best initial sources of information for substance-specific information.

5.2.2.2 Information on Resources. Additional information, that could be
collected prior to an incident, might be required to complement the reports obtained
directly from the incident in order to aid the design and implementation of the
response strategy HNS contingency plans. Should include information on resource
directory covering human health and safety issues and environmental resources
(Environmental Sensitivity Index maps) and operational response guides. In order to
assist in predicting the fate/ behaviour and trajectory of a spilled substance, software
models can be useful throughout the response. Modeling results can add valuable
information to the decision-making process with regard to first actions and emergency
response measures. However, modeling results need to be verified in situ and the
general rule applies that any model result is only as good as the underlying data.
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5.3 Decision Making

5.3.1 The Incident Commander establishes the strategy to be followed to stop the spill
and mitigate impacts. For this purpose, they are in-charge of announcing command and
immediate priorities and approves the Incident Action Plan (IAP). They are also responsible
for ordering demobilisation. They are also the focal point for deciding on the release of
information through the Public Information Officer. However, every incident is unique and
the Incident Management Team (IMT) will have to make important decisions in a context of
potentially high pressure, especially from media or political leaders. It will be necessary to
make crucial decisions quickly, sometimes with a very incomplete picture of the situation.

5.3.2 The IMT must be capable of making reasonable decisions, tailored to the situation
and the extent of the pollution. Information obtained through notification and data gathering
can be crucial to support the situation assessment. During the first moments following the
incident, the situation assessment may both be limited and offer an opportunity to trigger first
actions that could drastically mitigate the impact of the HNS spill. Indeed, certain provisional
measures, mostly based on real risks or the possible worsening of the situation, could be
implemented, especially when previously identified in the contingency plan. Risks can be
generated by the HNS transported but also by the bunkers. The risks and behaviour of these
products must therefore be taken into account, as well as possible mixtures or reactions with
a cargo of HNS, or interactions related to environmental conditions (e.g. contact between a
gas and a nearby source of ignition).

5.3.3 Considering these aspects, the first actions are mostly orientated towards protecting
the population, the environment or amenities. Examples of first actions to respond to the HNS
are stopping the leakage or mitigating the extent or the impact of the spill. Throughout the
management of the HNS incident, the decision-making process should integrate a continuous
assessment of the risks and behaviour. Every new or relevant output from the situation itself
(for instance weather conditions) or from actions implemented (for instance stopping of
leakage) can provide input for information gathering. The situation assessment can therefore
be conducted at regular intervals or triggered by a particular event in the field and may lead
to new decision-making. Knowledge of both chemical hazards and behaviour represents
decisive information required to drive the response with the most suitable approach. Indeed,
the response tactics are mostly based on the behaviour of the chemical, while hazards must
be considered with the greatest of care to continue to conduct the response in safe conditions.

5.3.4 All the efforts deployed during the response should aim to ultimately return the
scene to normal or acceptable pre-emergency conditions. Moreover, the response tactics
and techniques used must not be more harmful to the environment than the pollutant itself.
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The guidelines defined by the Incident Action Plan should meet stakeholders’ expectations
as far as possible and seek their agreement through a collaborative approach. While the
strategy represents a guideline, the actions implemented for the response are based on the
tactics defined. The On-scene Commander is responsible for the management of tactical
operations, including supervision of operations, management of resources, consolidation of
divisions bordering on overload and coordination of simultaneous operations. The objectives
should meet the SMART criteria (Specific, Measurable, Action Oriented, Realistic, Timely).

5.3.5 Selection of strategies to eliminate or reduce the pollution (or threat thereof) based
on:-

5.3.5.1 Hazards. Evaluation of hazards deriving from the released substances.
5.3.5.2 Behaviour. Their behaviour which will make it possible to identify the
compartment(s) (air, surface, water column, seabed) that will be impacted by the
pollution.

5.3.5.3 Modeling. To predict the trajectory, fate and behaviour of spilled

pollutants. Modeling is a decision support tool that can provide relevant information
for the decision-making process and can be a high priority, especially when the risks
for the population or environment require to be assessed in more detail.

5.3.6 First Actions. Usually, initial emergency measures are taken by responders and crew
of involved ship(s).First actions cover all actions that should be implemented at an early
stage after notification of an HNS incident as soon as they are deemed necessary and can
be implemented in safe conditions. The aim is to deploy a response team in the field in order
to immediately mitigate the potential impact on human lives, the environment and amenities.

5.3.7 On-Scene Response. Once response strategy is established, multiple actions may
be conducted in terms of:-

5.3.7.1 Protection. Identification of the necessary PPE. Decision making must
necessarily take into consideration what equipment is suitable to be used in response
to an HNS spill. During an HNS spill it is necessary to devote greater attention to
the choice of suitable PPE for the protection of responders, considering the different
hazards that numerous substances present. Moreover, the choice of equipment
always needs to take into consideration chemical compatibility with the substance
involved. Every time PPE is used, the subsequent decontamination phase, as well as
waste management, should be considered. The main objective of the decontamination
phase is to remove or neutralise contaminants that have accumulated on personnel
and equipment, reducing risks inherent to the presence of toxic substances on the
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PPE of responders. The method used involves neutralising the toxicity of the chemical
substance(s) present and washing equipment with water or a cleaning agent.
Decontamination operations must be managed and carried out by trained personnel.

5.3.7.2 Monitoring. Depending on the characteristics of the accident, different
types of monitoring could be carried out, which includes by remote detection (wherever
possible), use of portable detectors, and sampling of water, sediment and biota for
laboratory analyses. Assessment of the extent and severity of impacted environmental
compartments is based on three main components of monitoring methods. These
monitoring systems are complementary and might all need to be considered during
a response. Indeed, remotely sensed data needs to be verified with in situ data,
while models rely on in situ measurements and remote sensing. The integration or
consultation of environmental monitoring experts in the Incident Management Team
is recommended. The objective is to help decision-makers to provide information to
allow for a rapid response in case of an HNS incident.

5.3.8 Response Techniques. \When intervention is possible, different response techniques
can be used depending on the behaviour(s) and the hazard(s) of the substances released.
The range of counter pollution measures to be applied depends on the type and characteristics
of the pollutant, the form in which it is transported, as well as the overall situation (vessel
status, weather conditions, environmental sensitivities). Nevertheless, in all cases, their main
goals are to minimise the risks created by the incident, to protect people, the environment
and human activities, and to restore the affected zone to as close as possible to its pre-
emergency conditions. If the risk for operators is high, the option of leaving the pollutant in
the environment must always be given consideration and, if safe, a monitoring plan could be
put in place. If intervention is considered feasible, response techniques could be divided in
two categories:-

5.3.8.1 Vessel-Oriented Actions. These are generally among the first actions
to be considered. The suggested techniques can generally be applied regardless of
the behaviour of the substances involved. The status of the ship, the hazards of the
substance(s), the environmental and weather conditions and the availability of the
means and the necessary equipment are key considerations in this phase. Direct
interventions on the vessel such as emergency boarding, emergency towing, place of
refuge, cargo transfer, sealing and plugging, Wreck response etc.

5.3.8.2 Pollutant Oriented Actions. Operations to contain, treat and/ or
recover pollutants on the vessel or in the environment including using water curtains,
using foam, using sorbents, HNS response in the water column, HNS response
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5.3.9

on the seabed, HNS response on the shore, use of Containment techniques like
Booms, Recovery techniques like pumps and skimmers etc. Techniques to control
the pollutant, its dispersion, spread and diffusion will depend on the location of the
incident open sea, harbour or coastal area. Controlled release tends to be applicable
in the open sea, far from populated or sensitive areas, and can be applied regardless
of the behaviour of the substance involved. Techniques for the reduction and control
of vapours (water curtains and use of foams) can be applied both in port areas and in
coastal areas, especially to protect the nearby population, as well as sin the open sea,
to allow intervention by the response team. Response actions to contain and recover
pollutants spilled in marine environment are highly dependent on the behaviour and the
hazards of the substance(s) involved. In general terms, containment and recovery are
possible especially in the case of substances that float or sink as their main behaviour.
In general terms, containment and recovery can be effective if the substance remains
at sea for more than a few days, otherwise it is useless to plan such operations,
considering the time needed to reach the area with the necessary equipment. Above
all, response actions involving the recovery of products on board the ship or spilled at
sea will determine the production of waste, whose management must be taken into
consideration well before the response techniques are put in place. It is important that
waste management is included in the contingency plan with consideration of all the
phases of the waste cycle: recovery, storage, transport, treatment, and disposal of
waste.

Post Spill Management. The following must be taken into consideration:-

5.3.9.1 Documentation and Record Keeping. These aspects are important
from the very the beginning of the response and become crucial during the claims
process.

5.3.9.2 Post-Spill Monitoring. Necessary to assess environmental damage and
decide upon measures for environmental restoration and recovery. Post-spill monitoring
is a very useful activity, in order to evaluate the environmental consequences of an
HNS spill, the extension of the effects both in space and in time, natural recovery of
the environment involved as well as the effectiveness of any restoration and recovery
activities and assess when these activities are considered to be complete.

5.3.10 Incident Review and Lessons Learnt. Identify strengths and weaknesses of the
response and implement changes to the contingency plan, if required. The main objectives
of incident review are to, draw lessons that are primarily of benefit to local stakeholders, to
keep track of events, to identify avenues for progress and to strengthening communication
and co-ordination between different stakeholders during the response.
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with water spray

. Protection . Manitoring . Response

Figure 1: Decision Support Spills of Bulk HNS Cargoes Depending on their main
behaviour and Location of Incident(Source pg 48, Marine HNS Response Manual
Multi-regional Bonn Agreement, HELCOM, REMPEC)

5.4 Response Considerations to Flammable and Explosives

5.4.1 Response considerations against various HNS are brought out in the subsequent
paragraphs.

5.4.2 The related GHS and UN pictogram are given in figure below:-

COOPe

Figure 2: GHS and UN Pictogram of Flammable and Explosives (Source Marine HNS
Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 125)
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5.4.3 Applicability and main risks are involved in a spill of HNS which are flammable and
explosives are as given in the table given below*: -

Applicability Risk for Humans / Risk for Risk for
responders Environment Amenities
Leakage of gas from |- Direct injuries No major Window-
a sealine (subsea| due to fire or expected shattering
pipeline) explosion chronic impact explosion,
Leakage of liquefied |- Anoxia, expected Building
gas - Mixing of| asphyxia, Possible destruction
reactive chemicals| especially in indirect impact
forming gas confined space (e.g. fire
Evaporation from|- Depending residues)
slicks on chemicals:
toxicity or
Gas cloud formed -
after reaction of corrosivity
chemicals

Table 5: Applicability and main risks are involved in a spill of HNS which are
flammable and explosives (Source Marine HNS Response Manual Multi-regional
Bonn Agreement, HELCOM, REMPEC, pg 125)

5.4.4 Risk Assessment. The following steps may be followed for risk assessment*: -

5.4.4.1 Risks of flammability or explosion must be assessed by monitoring the
LEL/LFL and UEL/ UFL values and the evolution of concentrations over time. Portable
gas detectors to be used by first responders. Sampling techniques may be used as
discussed in this document.

5442 Forecast of gas cloud must be requested from experts.
5443 Consider area for intervention.
5444 Consider (and control) aggravating factors:

- in the event of fire, prevent the risk of BLEVE by cooling tanks in direct contact with
heat radiation; risk of toxic gas production.

4 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 125
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Figure 3: Risk Assessment(Source Marine HNS Response Manual Multi-regional Bonn

54.5

5.4.6

5.4.7

Agreement, HELCOM, REMPEC, pg 126)

Protective Measures (Human, Health and Amenities)®

5.4.5.1 Evacuations has to be undertaken.
5452 Rescue helicopter or vessels should approach downwind.
54.5.3 Modeling should be carried out to determine the specific areas to be

evacuated or containment measures to be implemented.

Protective measures to be undertaken are: -

5.4.6.1 Ventilation of the explosive atmosphere in order to lower the LEL/LFL.
5.4.6.2 Activation of the existing firefighting systems.
5.4.6.3 Gas or vapour cloud should be prevented from entering confined or

closed areas and obstacles must be removed (if possible) to reduce turbulence.
54.6.4 Protection of responders against inhalation of vapours or mist.
5.4.6.5 PPE to be used are Type 1 Cat lll(or level A).

Response measures should include: -

5.4.7.1 Stopping leakage using sealing and plugging devices.

54.7.2 Response consideration of gases, evaporators and floaters are also to
be considered depending on the type of spill.

54.7.3 Response techniques include establishment of safety zones, use of
foam, use of water curtain or even natural attenuation and monitoring.

5 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 126
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5.4.8 Alert Notifications®. Depending on the location of the accident, the Maritime Rescue
Coordination Centre (MRCC), and public emergency services must be alerted. Ships (crew)
and the population downwind (vapour cloud) and downstream (spill) must also be warned in
order to prevent complications arising.

5.5 Response Considerations to Toxic Substances

5.5.1 The related GHS and UN pictogram are given in figure below: -

Figure 4: GHS and UN Pictogram Toxic Substances (Source Marine HNS Response
Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 128)

5.5.2 Applicability and main risks are involved in a spill of HNS which are toxic are as given
in the table given below?®: -

Applicability Risk for Humans / Risk for Environment
responders

- Leakage of toxic gas|- Injuries due to direct - Direct impact on
from drum or tank contact with substance animals and the

- Leakage of toxiC _(skin/r_nuco_sa coqtact, environment
chemicals mgesﬁon, |nhéle?t|on) - Chronic impact

- Mixing of reactive|" Carcinogenetic issues - Possible indirect
chemicals forming gas impact (e.qg.

extinguishing water,
dissolver in water
- Gas cloud formed after curtain)

reaction of chemicals

- Evaporation from slicks

Table 6: Applicability and main risks are involved in a spill of HNS which are toxic
(Source Marine HNS Response Manual Multi-regional Bonn Agreement,
HELCOM, REMPEC, pg 128)

5.5.3 The following steps may be followed for risk assessment’: -

5.5.3.1 Assess the risks of atmospheric and marine toxicity by gathering data
on the substances.

5.5.3.2 Consider toxic exposure limits to assess the risk for the population;

5 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 128
" Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 129
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5.5.4

Model the behaviour and movements of the toxic cloud.

5.5.3.3 Evaluate the environmental compartment(s) (atmosphere, water column)
liable to be impacted by the toxic substance or any by-products that may be formed
in the scenarios.

5.5.3.4 Assess route of entry of the toxic substances (dermal contact, ingestion,
inhalation...).
5.5.3.5 Consider (and control) aggravating factors:-

5.5.3.5.1 Weather conditions: wind, current, temperature, rain and

fog, atmospheric stability, etc.

55.35.2 Reactions between chemicals, reactions due to the
increase in temperature, time of exposure.

Protective Measures(Human, Health and Amenities)?.

5.5.4.1 Protective measures must be tailored to the penetration process of
the substance involved and its characteristics. Toxicity is not only related to airborne
substances; the population and responders can also be affected through contact,
ingestion, etc.

554.2 PPE to mitigate dermal risks and breathing apparatus self-contained
compressed air should be worn.

5.54.3 Portable gas detectors are to be used by the first responders.

5.54.4 Evacuations has to be undertaken: -
554.41 Rescue helicopter or vessels should approach downwind.
55442 Modeling should be carried out to determine the specific

areas to be evacuated or containment measures to be implemented.
5.5.4.5 Protective measures to be undertaken are: -

5.5.4.5.1 In the case of marine toxic substances, resources (e.g.
fisheries, water intakes...) liable to be impacted should be assessed
along with measures to protect them if required.

55452 Additional contamination due to by-products resulting
from the response to the incident must be avoided by containing
and recovering these substances (residual water from water curtain
techniques, extinguishing water...).

8 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 129 & 130
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5.54.6 Response measures should include:-

5.5.4.6.1 The source of the leakage must be isolated if possible
(tank or drum storage) to facilitate the response.

5546.2 Protective Action Criteria should be used for intervention
and to select proper PPE.

5.5.4.7 Depending on the substances behaviour response criteria for following
may be adhered:-

554.71 Gases and evaporators.
5.5.4.7.2 Floaters.
55.4.7.3 Dissolvers.
554.7.4 Sinkers.
5.54.8 Techniques adopted may include: -
5.5.4.8.1 Using water curtains.
55482 Using foam.
55483 Natural attenuation and monitoring.
5.6 Response Considerations to Corrosive Substances

5.6.1 The hazard pictogram of corrosive substance are as given below:-

Figure 5: Hazard Pictogram Corrosive Substances (Source Marine HNS Response
Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 131)

5.6.2 Alert Notifications®. Depending on the location of the accident, the Maritime Rescue
Coordination Centre (MRCC), and public emergency services must be alerted. Ships (crew)
and the population downwind (vapour cloud) and downstream (spill) must also be warned in
order to prevent complications arising.

9 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 131
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5.6.3 Applicability and main risks are involved in a spill of HNS which are corrosive are as
given in the table given below: -

Applicability Risk for Humans / Risk for Risk for Amenities
responders Environment
- Leakage of |- Injuries due to - Directimpacton |- Chemical corroding
corrosive liquid or direct contact animals and the drums or tanks,
gas from drum or| with substance environment leading to a
tank dermal necrosis . ollutionspill
.( . " [- Acute and chronic P P
. . inhalation, . .
- Mixing of reactive| . . impact - Corrosion of metals
- . ingestion) -
chemicals forming L (ship’s deck, crane,
. - Possible indirect L
corrosive gas or . etc.) (limitation/
impact (e.g. .
compound . N interference to
extinguishing . -
. . , with the legitimate
- Evaporation from water, dissolver in
. . uses of the seal
slicks water curtain)

amenities)

Table 7: Applicability and main risks are involved in a spill of HNS which are
corrosive (Source Marine HNS Response Manual Multi-regional Bonn
Agreement, HELCOM, REMPEC, pg 131)

5.6.4 The following steps may be followed for risk assessment'': -

5.6.4.1 Assessing the risks of atmospheric and marine toxicity by gathering data
on the substances.

5.6.4.2 Assessing the risks of exposure to corrosive substances on the basis of
its physical state and behaviour, monitoring pH if applicable.

5.6.4.3 Assessing associated hazards if present and evaluate the priority for
response; corrosive substances are often associated with other hazards such as
flammability and/ or explosivity and/ or toxicity. Response considerations of Flammable
and explosive substances, Toxic substances and Reactive substances may be

considered.
5.6.4.4 Analysing weather data and detector measurements.
5.6.4.5 Modeling the behaviour and movements of the corrosive gas/vapours/

fume clouds, if applicable. Consider modeling corrosive floater/dissolver/sinker if
spilled in water column, if applicable.

5.6.4.6 Assessing measures to protect sensitive areas (environmental,
ecological, social, industrial sites) and facilities, including through preventive

“Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 131 & 132
" Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 132
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shutdown, determining the hazards posed by any products that may be formed in the
scenarios and assessing the associated hazard levels (smoke from fire, reaction with
the environment, etc.); For which incident data gathering has to be undertaken.

5.6.4.7 Evaluating the location of facilities and equipment for quick response.

5.6.4.8 Evaluate/ model the extent of the area affected by dangerous
concentrations of corrosive substances in the water column and/ or in the atmosphere
to limit legitimate uses of the sea and amenities. Safety zones are to be established.

5.6.4.9 Aggravating factors to be considered are:-

5.6.4.91 Reactions between acids and bases, reactions due to the
increase in temperature, time of exposure; Possible highly exothermic
reaction when certain acids or bases are spilled in water.

5.6.4.9.2 Maximum precautionary measures must be taken
especially in the case of in situ response on the vessel (confined space).

5.6.4.9.3 High viscosity values slow down dilution and dispersion
processes at sea.

5.6.5 Protective measures (Human Health, Environment & Amenities). As corrosive
substances gather a large group of chemicals, protective measure must comply with the
conclusions of the risk assessment'?; -

5.6.5.1 Corrosive liquids (mineral acids, alkali solutions and some oxidisers):
eyes and skin are particularly vulnerable due to splashes of the substance and effects
on tissues are generally very fast.

5.6.5.2 Corrosive gases and vapours: effect is generally related to the solubility
of the substances in the body fluids. Highly soluble gases like ammonia or hydrogen
chloride cause severe nose and throat irritation, whereas lower solubility vapours
(phosgene, sulphur dioxide, etc.)penetrate deep into the lungs.

5.6.5.3 Corrosive solids: direct contact can cause burns to the skin (phenol,
sodium hydroxide) and dust affects the respiratory system. Many corrosive solids may
produce highly exothermic reactions when dissolved in water.

5.6.54 In case of a water-reactive product, the substance must be prevented
from reaching the water surface and the spill must be contained (construct berms,
sand dikes...).

2 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 133
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5.6.6

5.6.7

5.6.8

5.6.5.5 PPE to be used.
5.6.5.6 Portable gas detectors to be used by first responders.
Onboard measures shall include™: -

5.6.6.1 Attention should be paid to avoiding direct contact with the skin and
protecting against inhalation of vapours or mists. Check atmosphere before entering a
confined space; do not operate without Self Contained Breathing Apparatus (SCBA).

5.6.6.2 PPE to be used.
5.6.6.3 Portable gas detectors for first responders.
5.6.6.4 Evacuation must be implemented immediately downwind (gas/

evaporator/ fumes).

5.6.6.5 Attention should be paid to decontaminating protective clothing: wash
down with water and then remove.

For population and amenities™: -

5.6.7.1 Modeling will need to be conducted to determine the specific area to
decide on the implementation of evacuation or shelter-in-place measures (in case of
a corrosive cloud or marine environment contamination).

5.6.7.2 Evacuation must be implemented in downwind impacted areas (in case
of hazardous vapours, gas clouds, fumes).

5.6.7.3 Zoning - downstream area of the spill (targets of polluted runoff, liquid
and solid spills) and evaluate any limitations on the use of the sea and amenities.

Response Measures Onboard

5.6.8.1 If possible, other chemicals or organic products must be isolated from
the leaking substances until its reactive potential has been assessed.

5.6.8.2 Ifthe substance is not water-reactive, acids and bases may be neutralised
by a dilution process in order to reduce the concentration (overboard washing with
indirect water jets if possible). pH should be measured before discharging the diluted
mixture in the environment.

5.6.8.3 Using water curtains.

5.6.8.4 Natural attenuation and monitoring water-reactive substances may be

3 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 133
4 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 134
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treated by compatible sorbent or inert materials.

5.6.8.5 Using sorbents. In the case of an onboard leak, appropriate containment
and recovery methods and techniques according to the substances involved and
scenarios should be used (Emergency Schedules (EmS), IMO, 2018).

5.6.9 In the Environment. Refer to the characteristics, behaviour and fate and of the
spilled (or leaked) substances, using specific precautions for the risk of corrosivity'®. For
understanding the behaviour response considerations for the following may be considered: -

5.6.9.1 Gases and evaporators.
5.6.9.2 Floaters.

5.6.9.3 Dissolvers.

5.6.9.4 Sinkers.

5.6.1.1 Packaged goods response.

5.7 Response Considerations to Reactive Substances

5.7.1 The hazard pictogram of reactive substances are as given below: -

FIamma ble/explosive: Dxid ising/peroxidising:
UN Regulation

6 ® © ¢

Physical hazards not otherwise classified (refer to Safety Data Sheet)

SOLO®

Figure 6: Hazard Pictogram Reactive Substances (Source Marine HNS
Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 135)

5.7.2 Alert Notifications '®. Depending on the location of the accident, the MRCC, and
public emergency services must be alerted. Ships (crew) and the population downwind
(vapour cloud) and downstream (spill) must also be warned in order to prevent complications
arising.

5.7.3 For the spill of a reactive substance, the potential risk is based on the chemical nature
of the substance. In the case of a fire/spillage involving self-reactive substances, non-water-

5 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 134
6 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 136
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reactive but flammable substances, polymerising substances response considerations of
Flammable and explosive substances are to be considered'. In the case of fire/spillage of
chemicals which form toxic or corrosive products by reaction with other materials or other
spills Response considerations of Toxic substances and corrosive substances are to be

considered®.

5.7.4 Applicability and
given in the table given

main risks are involved in a spill of HNS which are corrosive are as

below: -

Applicability Risk for Humans / Risk for Risk for Amenities
responders Environment
Leakage of - Direct injuries No major Direct and indirect
reactive due to fire or expected chronic damages (or
substances explosion or impact expected destructions) to
highly exothermic G vessels, buildings,
;[gsittic;?;se reactions (violent iI:r:?s:Ict’zI?elng]‘ri?eCt other maritime
. explosion) : e infrastructures
explosion residues) (in some
- Okxidising :
bst Id scenarios, even
r%aterial or f:iistance from the
. incident).
destroy material
(e.g. responder
equipment)
- Anoxia, asphyxia,
especially in
confined spaces
Leakage of - Injuries due to Direct impact on Chemical
reactive direct contact animals and the corroding drums
substances with substance environment or tanks, leading
that form corrosive _(derma_l necrosis, Chronic impact to a pollution spill
products !nhale;fuon, Possible indi Corrosion of
ingestion) in(])s:gt ?e";; irect metals (ship’s
extinguisﬁiﬁg deck, crane,
water, dissolver in gtc.) (Ilmltatloq/
Water’curtain) mterfer.e.nce with
the legitimate
uses of the sea/
amenities)

7 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 136
8 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 136
% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 131 & 132
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Applicability

Risk for Humans /
responders

Risk for
Environment

Risk for Amenities

Leakage of
reactive
substances
that form toxic
products

Injuries due to
direct contact
with substance
(skin/mucosa
contact, ingestion,
inhalation)

Direct impact on
animals and the
environment

Acute and chronic
impact

Contamination of the
marine environment
by toxic-persistent
product may lead to
a closure/ limitation/
interference to with

the legitimate uses of
the sea

- Possible indirect
impact (e.g.
extinguishing
water, dissolver in
water curtain)

- Carcinogenetic
issues

Table 8: Applicability and main risks are involved in a spill of HNS which are Reactive
(Source Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM,

REMPEC, pg 137)

5.7.5 Risk Assessment?.

5.7.51

The general considerations are:-

5.7.5.1.1
gathering data on the substances.

Assessing the risks of atmospheric and marine toxicity by

5.7.5.1.2
basis of its physical state and behaviour, monitoring pH if applicable.

Assessing the risks of exposure to corrosive substances on the

5.7.5.1.3
priority for response; corrosive substances are often associated with other
hazards such as flammability and/ or explosivity and/ or toxicity, response
considerations of flammable and explosive substances, toxic substances and
reactive substances are to be considered.

Assessing associated hazards if present and evaluate the

57514 Analysing weather data and detector measurements.

5.7.5.1.5
vapours / fume clouds if applicable. Consider modeling of corrosive floater/
dissolver/ sinker if spilled in water column, if applicable.

Modeling the behaviour and movements of the corrosive gas/

5.75.1.6
ecological, social, industrial sites) and facilities, including through preventive
shutdown, determining the hazards posed by any products that may be formed
in the scenarios and assessing the associated hazard levels (smoke from fire,

Assessing measures to protect sensitive areas (environmental,

20 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 137
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reaction with the environment, etc.).

57517 Evaluating the location of facilities and equipment for quick

response.
5752 Areas to be considered for intervention are: -
5.7.5.2.1 Evaluate/model the extent of the area affected by dangerous

concentrations of corrosive substances in the water column and/ or in the
atmosphere to limit legitimate uses of the sea and amenities.

57522 Safety zones to be considered.

5.7.5.3 Consideration of aggravating factors are:-

5.7.5.3.1 Reactions between acids and bases, reactions due to the increase
in temperature, time of exposure.

5.7.5.3.2 Possible highly exothermic reaction when certain acids or bases
are spilled in water.

5.7.5.3.3 Maximum precautionary measures must be taken especially in
the case of in situ response on the vessel (confined space).

57534 High viscosity values slow down dilution and dispersion processes
at sea.

5.7.6 Protective Measures (Human Health, Environment & Amenities)?'. As corrosive
substances gather a large group of chemicals, protective measure must comply with the
conclusions of the risk assessment:-

5.7.6.1 Corrosive liquids (Mineral Acids, Alkali Solutions and some
Oxidisers). Eyes and skin are particularly vulnerable due to splashes of the substance
and effects on tissues are generally very fast.

5.7.6.2 Corrosive Gases and Vapours. effect is generally related to the
solubility of the substances in the body fluids. Highly soluble gases like ammonia or
hydrogen chloride cause severe nose and throat irritation, whereas lower solubility
vapours (phosgene, sulphur dioxide, etc.) penetrate deep into the lungs.

5.7.6.3 Corrosive Solids. direct contact can cause burns to the skin (phenol,
sodium hydroxide) and dust affects the respiratory system. Many corrosive solids may
produce highly exothermic reactions when dissolved in water.

21 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 138 & 139
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5.7.6.4 In case of a water-reactive product, the substance must be prevented
from reaching the water surface and the spill must be contained (construct berms,
sand dikes...).

5.7.6.5 PPE to be used.
5.7.6.6 Portable gas detectors for first responders to be used.
5.7.6.7 On board measures should include: -

5.7.6.7.1 Attention should be paid to avoiding direct contact with
the skin and protecting against inhalation of vapours or mists. Check
atmosphere before entering a confined space; do not operate without
self-contained breathing apparatus.

5.7.6.7.2 Personal protective equipment.
5.76.7.3 Portable gas detectors for first responders.
5.7.6.7.4 Evacuation must be implemented immediately downwind

(gas/ evaporator/ fumes).

5.7.6.7.5 Attention should be paid to decontaminating protective
clothing: wash down with water and then remove.

5.7.6.8 Population and amenities:-

5.7.6.8.1 Modeling will need to be conducted to determine the
specific area to decide on the implementation of evacuation or shelter-
in-place measures (in case of a corrosive cloud or marine environment
contamination).

5.7.6.8.2 Evacuation must be implemented in downwind impacted
areas (in case of hazardous vapours, gas clouds, fumes).

5.7.6.8.3 Zoning-downstream area of the spill (targets of polluted
runoff, liquid and solidspills) and evaluate any limitations on the use of
the sea and amenities.

5.7.7 Response Measures?2.
57.71 Onboard measures should include: -

57.7.11 If possible, other chemicals or organic products must be
isolated from the leaking substances until its reactive potential has been

22 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 139
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assessed.

57.7.1.2 If the substance is not water-reactive, acids and bases may
be neutralised by a dilution process in order to reduce the concentration
(overboard washing with indirect water jets if possible). pH should be
measured before discharging the diluted mixture in the environment.
Using water curtain and natural attenuation and monitoring may be
resorted to.

57.7.1.3 Water-reactive substances may be treated by compatible
sorbent or inert materials.

57.7.1.4 In the case of an onboard leak, appropriate containment
and recovery methods and techniques according to the substances
involved and scenarios should be used- (Emergency Schedules (EmS),
IMO, 2018).

5.7.7.2 In the environment, refer to the characteristics, behaviour and fate and of
the spilled (or leaked) substances, using specific precautions for the risk of corrosivity.
For understanding the behaviour response considerations for the following may be
considered: -

5.7.7.21 Gases and evaporators.
5.7.7.2.2 Floaters.
5.7.7.2.3 Dissolvers.
57.7.2.4 Sinkers.
5.7.7.2.5 Packaged goods response.
5.8 Response Considerations to Liquified Natural Gas(LNG)

5.8.1 The hazard pictogram of LNG is as given below?3; -

UN number: 1972
SEBC: G

Figure 7: Hazard Pictogram LNG (Source Marine HNS Response Manual Multi-regional
Bonn Agreement, HELCOM, REMPEC, pg 141)

2 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 141
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5.8.2 General features relating to LNG?*. LNG, or Liquefied Natural Gas, is increasingly
used as a source of energy as its main advantages are to release significantly less carbon
and lower pollutant emissions, including NOx, SOx and particulate matter. In the maritime
shipping world, LNG can either be transported as cargo or used as bunkering fuel. For the
latter, LNG can be used alone or with a dual fuel engine.

Cargo 10,000 -45,000 m3 per tank Maximum
cargo 266,000 m3 for Q-max vessel
Bunker 20,000 m3 Thermally insulated tank,
pressure lower than 0.7 bar
500 - 10,000 m3 Type-C tank, pressure lower than
4 bars
Temperature range: -162°C up to
-121°C
40 m3 ISO tank (IMDG compliance),
pressure lower than 10 bars

Table 9: Type of LNG (Source Marine HNS Response Manual Multi-regional
Bonn Agreement, HELCOM, REMPEC, pg 141)

Cargo Storage tank for seaborne transport of LNG

Figure 8: LNG Tanks(Source Marine HNS Response Manual Multi-regional
Bonn Agreement, HELCOM, REMPEC, pg 141)

ﬂ:w! e
A, earotalmer X - =W FY

AL L

Figure 9: LNG Tank ISO Type(Source Marine HNS Response Manual
Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 141)

24 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 141
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5.8.3 The physical and chemical properties of LNG are as given below: -

Table 10: Physical and Chemical Properties of LNG(Marine HNS Response
Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 142)

5.8.4 Hazards and Behaviour?®. LNG is mostly composed of methane (CH4, CAS Number
74-82-8), representing about90%, and a few other alkanes (such as ethane, propane and
butane) with a total concentration of less than 10%. LNG is odourless, both in cargo or bunkers.
No additive is present to detect a release by a characteristic odour. LNG is a colourless liquid
when liquefied at -162°C. At this temperature cryogenic effects can be expected. Water in
contact with LNG can form ice and block safety devices. A 1 m3 release of LNG will represent
600 m3 after evaporation into the atmosphere. The anoxia or asphyxia hazard may also be
high, especially in a confined area. When released into surface waters it can form a pool that
will evaporate rapidly and create a flammable cloud when mixed with air with the subsequent
formation of a white cloud due to the condensation of water humidity in the air. If the vapour
ignites it can create a jet (pressurised gas release) or pool fire, a flash fire or even a vapour
cloud explosion when the surrounding environment creates overpressure and blast damage.
For pressurised tanks, BLEVE may also occur in case of fire. Methane does not exhibit
violent reactivity with products that are frequently used or transported on ships. However, it
reacts violently with liquid oxygen.

5.8.5 Possible impacts on people, environment and amenities are as given below: -

Effects on
Environment

Type of incident People Amenities

Release
cryogenic liquid

of

Serious injuries due
to cold burn or due

Can form ice in water.
In absence of fire, no

Brittle fracture

o . ... |damage to steel
projections in case |damage to aquatic life structures
of Rapid Phase|because LNG is not
Transition soluble in water and it

will evaporate rapidly
into the atmosphere.

Evaporation of | Anoxia/asphyxia Extremely low

methane into the solubility in water

atmosphere

Ignition of LNG slick | Injuries or death No major damage |Fire, temperature
expected

Inflammation of | Injuries or death No major damage |Fire, temperature

Vapour Clouds expected

2 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 142
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Effects on

Type of incident

People

Environment

Amenities

Explosion of gas in

confined space (for
instance

engine room)

Injuries or death

Extreme low solubility
in water

-Glass explosion
- Building

destruction

BLEVE following
fire of

tank containing
LNG

under pressure

Injuries or death

Possible physical
damage due to
explosion

-Glass explosion
- Building

destruction

Table 11: Possible Impact of LNG on People, Environment and Amenities

(Marine HNS Response Manual Multi-regional Bonn Agreement,
HELCOM, REMPEC, pg 142 & 143)

5.8.6 Situation Assessment?. As with gaseous products, LNG has fast-moving kinetics. It

is important to properly assess the situation using all the tools available to effectively protect

the population and stakeholders but also to initiate a response on the ground. Following may

be undertaken: -
5.8.6.1
5.8.6.2
5.8.6.3
5.8.6.4
5.8.6.5

Situation assessment on ground.

HNS spill modeling has to be undertaken.

Response considerations of flammables and explosives to be considered.

Remote sensing technologies may be resorted to.

Portable gas detectors are to be utilised by first responders.

5.8.7 Depending on the situation, especially the type of release and whether LNG is

pressurised or only refrigerated, the following decision tree can support risk assessment?’.

% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 143
27 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 143
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-
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Figure 10: Decision Tree Regarding Release of LNG(Source Marine HNS Response
Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 143)

5.8.8 Response?.
5.8.8.1

5.8.8.2

Protective Measures (Human, health, environment and Amenities).

5.8.8.1.1 Zoning to be established and monitoring performed over
time to assess the risk of flammability. In case of evacuation of the crew
from a distressed vessel, the helicopter/rescue ship must approach from
downwind;

5.8.8.1.2 PPE to be used.
5.8.8.1.3 HNS detection and analysis methods to be adopted.

5.8.8.1.4 Flammable ignition sources should be removed. Before
responders plan to enter in confined space, ventilation can be carried
out to lower the concentration below the LEL.

Response following a leak of LNG: -
5.8.8.2.1 All sources of ignition should be eliminated.
5.8.8.2.2 Nobody should walk on or touch the spilled LNG.

5.8.8.2.3 If the LNG is likely to leak, water can be sprayed on the

2 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 144
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5.8.8.3

vessel’'s hull to prevent brittle fracture on the steel structure due to
cryogenic effect.

5.8.8.24 Water should not be sprayed directly onto LNG to avoid
Rapid Phase Transition or RPT (no spray or run-off).

5.8.8.2.5 Water curtains should be used, especially to reduce the
concentration below the LEL.

5.8.8.2.6 If leakage cannot be stopped, the substance should
preferentially be released in gaseous state rather than as cryogenic
liquid.

5.8.8.2.7 Water can form ice when in contact with LNG, which can
represent an advantage to temporarily block a leak.

Response in case of fire: -

5.8.8.3.1 Aleak of burning gas should never be extinguished, unless
the source of the leak can be stopped.

5.8.8.3.2 Water curtains should be used, especially to reduce
radiation effects.

5.8.8.3.3 Fire should be fought from a maximum distance or with
use of water cannons.

5.8.8.34 Minor fire (bunker for instance): dry chemical powder or
CO

o

5.8.8.3.5 Maijor fire: water spray or fog.

5.8.8.3.6 If possible, combustible products should be moved away
from LNG on fire.

5.9 Response Considerations to Gases and Evaporators

5.9.1 The SEBC behaviour of gases and evaporators are as given below?*: -

Gaseous Liquid
SEBC Code G | GD E | ED
Density at 20°C - <seawater density
Vapour pressure (kPa) at 20°C >101.3 > 10
Solubility at 20°C (%) <10 | >10 <1 | 15

Figure 11: Behaviour of Gases and Evaporators (Source Marine HNS Response
Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 150)

2 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 150
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5.9.2 Response strategies need to consider the factors affecting the behaviour and fate of
the released substances, taking into account that gases and evaporators mainly undergo
short-term processes when spilled at sea, due to their physic state (for G) or hight volatility
(for E)*.

Liquid
E | ED
Rapid Evaporation

Dissolution

Dispersion,
diffusion,

dilution in
sea surface
waters

Table 12: Processes and Factors Affecting fate and Behaviour of Gases and Evaporators
(Source Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM,
REMPEC, pg 150)

5.9.3 Response Considerations?®'. Response considerations shall be:-

5.9.31 Main risks for safety and/ or human health (crew; population if source
and cloud near to the coast).

30 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 150
31 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 150
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5.94

5.9.3.2
considered.

5.9.3.3
5.9.34
5.9.3.5

Response considerations of flammable and explosive substances to be

Response considerations of toxic substances to be considered.
Minor risks for the marine environment (non-persistent substances).

Response actions are conducted on board the ship.

Situation Assessment and First Actions?®.

5.9.41

5942

5943

Information Gathering.

5.9.4.1.1 Immediately refer to SDS or chemical databases. In the
case of an unknown substance, act as in the case of maximum risk.

59412 Immediately refer to data related to the location of the
incident and other relevant information;

59413 Consider sea and weather forecast.

59414 Incident notification, incidentdata gathering and information
on resources are to be undertaken.

Situation Assessment.

5.94.21 On the basis of the information gathered on the incident and
the risks identified during contingency planning, consider conducting.

594.2.2 Hazard identification has to be undertaken. While doing so
following response consideration has to be born in mind:-

. Response considerations of flammable and explosive substance.
. Response considerations of toxic substances.

. Response considerations of corrosive substances.

. Response considerations of reactive substances.

59423 Estimation of risk and vulnerability.
594.24 Evaluation of consequences.
First Actions.

5.9.4.3.1 Taking into account the first actions to guarantee safe
conditions for the responders by identifying and reducing the hazards

%2 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 151
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5.9.5 Monitoring.

5.9.5.1

of explosion, fire, exposure to toxic clouds, etc. and then stop or reduce
the source of the HNS spill. First actions with respect to casualty and
responders are to be considered.

59432 Consider public safety. Establish safety zones.
59433 Equipment/logistics:-
» Personal protective equipment.

» Portable gas detectors for first responders.

Modeling. Modeling of gas cloud in air; Input to be considered: chemical

and physical parameters of the substance, weather condition and forecast, type of
spill source. HNS spill modeling may be undertaken.

5.9.5.2

5.9.5.3

5954

Monitoring using remote measuring instruments and search techniques:-

5.9.5.21 aerial surveillance: aircraft (not in case of explosive or
unknown gas); drones.

59522 Remote sensing technologies.

59523 Use of markers (not in case of explosive or unknown gas)
for safety and operational reasons.

Monitoring using in-situ measuring instruments and search techniques: -
5.9.5.3.1 Air sampling.

5.9.5.3.2 Trace gas sensors: explosimeter and gas detection to
detect explosion or fire risks.

59.5.3.3 Detectors for toxic substances (on board and in
environment).

59534 Oxygen deficiency by electrochemical oxygen sensor.

5.9.5.3.5. Portable gas detectors are to be used by first responders
while monitoring.

Water Sampling. Water sampling by “niskin” bottles and storage of

samples for laboratory analysis (for not surface spill)/ bottle sampling for surface water
(for substances “DE” and “ED”). For GD substances (in particular with regard for VOC
and semi-VOC),sampling techniques and protocols and HNS detection and analysis
methods to be adopted.
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5.9.6 Response Options

5.9.6.1

5.9.6.2

5.9.6.3
5.9.6.4

Vessel-oriented actions:
5.9.6.1.1 Emergency boarding.
59.6.1.2 Mark out the risk area onboard.

59.6.1.3 Stop the release of substance from its source by sealing
and plugging.

59.6.14 Ventilate when possible (e.g. with ventilators) to reduce
concentration but be careful if there is a very rich atmosphere (> UEL).
In this case, ventilation could reduce the concentration below the UEL.
Response considerations of flammable and explosive substances to be
borne in mind.

5.9.6.1.5 For small spills, consider using techniques to prevent/
control ignition or evaporation of the chemicals. Use foam.

5.9.6.1.6 Recovery operation of the residual load - Cargo transfer.

5.9.6.1.7 Towing & boarding - Emergency towing and Places of
refuge to be considered.

Pollutant-oriented actions:-
5.9.6.2.1 High pressure water spray jet - Using water curtains.

5.9.6.2.2 Re-condensation of spilled gas in liquid state: for small
spillage.

5.9.6.2.3 Controlled release technique.
59.6.24 Natural attenuation and monitoring.

5.9.6.2.5 Wildlife response focuses on toxic effects on avifauna or
marine mammals (inhalation hazards).

Containment and recovery not practical. Only monitoring is required.

Natural attenuation and monitoring. Evaluate then on-intervention

strategy in the case of high risks for human health. No risks of cloud advection towards
the coast. Set up exclusion/ ban areas, until natural processes have reduced pollutant
concentrations.
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5.9.7 Post-Spill
5.9.7.1 Environmental investigation.

59.7.1.1 Generally UNNECESSARY in the case of gaseous and
highly volatile substances. To be considered in the case of damages
following a release of gas/evaporator (e.g. fire and/ or explosion).

59.71.2 For soluble substances (GD), detection of concentrations
in water and evaluation of the effects on sensitive organisms.

59.71.3 Chemical and ecotoxicological analysis of samples of
contaminated water.

59.714 Chemical analysis and studies on biomarkers of sedentary
species.

59.7.1.5 The same investigations must always be carried out in
areas chosen as a reference. Not for explosive HNS.

59.7.1.6 NS detection and analysis methods and environmental
restoration and recovery methods may be adopted.

5.10 Response Considerations to Floaters

5.10.1 The SEBC behaviour of gases and evaporators are as given below?:-

<seawater density
<0.3 03-3
<0.1 0.1-5 <0.1 <10 10-100

Table 13:Behaviour of Floaters(Source Marine HNS Response Manual Multi-regional Bonn
Agreement, HELCOM, REMPEC, pg 155)

5.10.2 For SEBC subgroups “FD” and “FED“ see also response considerations of
Dissolvers and for SEBC subgroup “FED” response considerations of Gases and evaporators
are also to be considered3-.

5.10.3 Response strategies need to consider the factors affecting the behaviour and
fate of the released substances as well as the short and long-term processes when spilled at
sea®.

33 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 155
34 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 155
35 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 155
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Table 14: Processes and factors Affecting Behaviours and Fate of Floaters in
Marine Accident(Source Marine HNS Response Manual Multi-regional Bonn
Agreement, HELCOM, REMPEC, pg 155)
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5.10.4

5.10.5

5.10.6

Response Considerations®®.
5.10.4.1 Oil spill response techniques could be used for floater spills.

5.10.4.2 In the case of floater-dissolver substances, containment and
recovery operations could be very limited. Usually, the only response option is
to leave natural processes (e.g. dispersion, dilution) to deal with the spill, and,
where possible, accelerate these processes.

5.10.4.3 The selection of response techniques is strongly related to
weather conditions.

Situation Assessment and First Actions.

5.10.5.1 Information Gathering. Immediately refer to SDS or chemical
databases. In the case of an unknown substance, act as in the case of maximum
risk. Safety data sheet content to be examined for the same:-

5.10.5.1.1 Immediately refer to data related to the location of
the incident and other relevant information.

5.10.5.1.2 Consider sea and weather conditions.

5.10.5.1.3 Incident notification and incident data gathering to
be resorted.

5.10.5.2 Situation Assessment. On the basis of the information gathered
on the incident and the contingency planning risk, conduct hazard identification.

5.10.5.3 Response considerations to be considered are: -
5.10.5.3.1  Flammable and explosive substances.
5.10.5.3.2 Response considerations for toxic substances.
5.10.5.3.3  Response considerations for corrosive substances.
5.10.5.3.4 Response considerations reactive substances.
5.10.5.4 Estimation of risk and vulnerability.
5.10.5.5 Evaluation of consequences.
First actions.

5.10.6.1 Take into account the first actions to guarantee safe conditions for
the responders by identifying and reducing possible exposure to toxic vapours

% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 155
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5.10.7

and/ or hazards of explosion, fire, etc. and then stop or reduce the source of the
HNS spill.

5.10.6.2 Both first actions (casualty) and first actions (responders) to be
considered.

5.10.6.3 Consider public safety. Establish safety zones.

5.10.6.4 Equipment/ logistics to include personal protective equipment
and portable gas detectors for first responders.

Monitoring®'.
5.10.7.1 Modeling.

5.10.7.1.1  Modeling of drifting floaters (solids and liquid slicks)
at the sea surface. Input to be considered: chemical and physical
parameters of the substance (e.g. viscosity), current sea and
weather conditions and weather forecast, type of spill source.
HNS spill modeling to be taken into consideration.

5.10.7.1.2 Modeling of gas cloud in air (for FE substances).
Response considerations of gases and evaporators also to be
considered.

5.10.7.2 Monitoring using remote measuring instruments and search
techniques include: -

5.10.7.2.1  Aerial surveillance. Aircraft (not in case of
dangerous situations) and drones.

5.10.7.2.2 Use of markers to make the substance visually
detectable at the sea surface. Not applicable in the case of an
explosion hazard or unknown substances.

5.10.7.2.3  Substance marking, remote sensing technologies
and sampling techniques and protocols may be adopted for
monitoring.

5.10.7.3 In situ monitoring using measuring instruments and research
techniques involving: -

5.10.7.3.1  Trace gas sensors/ explosimeter and gas detection
(in case of explosion or fire risks or toxic vapours/ aerosol

37 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 157
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5.10.8

5.10.9

5.10.10

formation or unknown substances).

5.10.7.3.2  Acquisition of physicochemical parameters of
surface waters by multi-parametric probe (T, fluorescence, pH,
conductibility, etc.). Specialised personnel could be required.

5.10.7.3.3  Portable gas detectors for first responders to be
used and sampling techniques and protocols may be adopted.

Water Sampling®.

5.10.8.1 Sampling of sea surface (surface waters and/ or sea surface
microlayer) using specific methods to obtain samples of spilled floating substance
as free as possible of marine environmental matrices (e.g., polyethylene cornet,
PFTE pad, BSH Helicopter sampling apparatus); in the field and/ or laboratory:
determination and/ or analysis of physicochemical properties (e.g. GC-MS,
GC-FID, GC-PD, IR, etc.). Specialised personnel could be required, especially
for high viscosity fluids.

5.10.8.2 Water sampling by “niskin” bottles (or other methods) and storage
of samples for laboratory analysis or field measurements. In the case of a deep
or subsurface spill, consider the use of a multi-parametric probe to locate the
substances in the water column (specialised personnel could be required);

5.10.8.3 Sampling of solid floaters in the surface and sub-surface layer
of the water column (e.g. with specific nets, ROV, divers). Use of remotely
operated vessels, Sampling techniques and methods and HNS detection and
analysis method to be resorted to.

Air sampling®.

5.10.9.1 Trace gas sensors: detectors for toxic substances (on board and
in the environment); explosimeter and gas detection to detect explosion or fire
risks.

5.10.9.2 For analysing oxygen deficiency, electrochemical oxygen sensor
may be used. Portable gas detectors for first responders to be used.

Response Options*.

5.10.10.1 Action on vessel.

% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 157
3 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 158
40 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 158
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5.10.10.2 Emergency boarding.

5.10.10.3  Stop the release of substance from its source. Sealing and
plugging can be resorted.

5.10.10.4 Recovery operation of the residual load. Cargo transfer can be
undertaken.

5.10.10.5 Onboard ship collect spillage, where practicable, using sorbent
material for safe disposal if applicable.

5.10.10.6 Towing & boarding. Procedures of emergency towing to be
observed. Vessel may be towed to places of refuge.

5.10.10.7 Evacuate the downwind area and evaluate the need for a ban on
navigation or other exploitation of marine resources (for FE, FED).

5.10.10.8 Prevent the formation of dangerous vapours (inject inert gas,
ventilate and/ or dehumidify the atmosphere).

5.10.10.9 Following considerations to be made:-

. Response considerations for flammable and explosive
substances.

. Response considerations for toxic substances.

. Response considerations for corrosive substances.

. Response considerations for reactive substances.

Action on Pollutant*’.

5.10.11.1 Containment techniques with a physical barrier (in particular for
insoluble/ low solubility liquids).

5.10.11.1.1 Using special barriers developed for solids and
liquids, in shallow waters. Oil spill booms, often in association
with sorbents (slicks or floating solids) can be used. Containment
techniques using booms to be undertaken. For recovery
techniques, pumps and skimmers may be used.

5.10.11.1.2 Contain by water barriers, in the presence of vapour
or smoke; for FE/ FED. Using of water curtain can be made.

41 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 158
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5.10.12

5.10.11.2 Recovery Techniques.
5.10.11.2.1 Sorbents (booms, sheets, pillows...).

5.10.11.2.2 By pumping operations with various types of
skimming.

5.10.11.2.3 Trawl nets or net bags towed by boats; for high
viscosity chemicals or small floating solids.

5.10.11.2.4 Containment techniques using booms to be
undertaken. For recovery techniques, pumps and skimmers may
be used.

5.10.11.3 Cleaning Techniques. Chemical dispersant; only for “dispersible”
F substances (evaluation based on the value of kinematic viscosity) and only in
very limited scenarios. HNS response in the water column to be considered.

5.10.11.4 Standard intervention techniques on wildlife (avifauna, marine
mammals, marine reptiles) affected by oil spills could be applied in the case
of some floater spills, on the basis of physio-chemical characteristics and
behaviour.

Controlled Release Technique*2. Controlled release of substances still stored

on board (not advisable — evaluate for offshore, only implement after a rigorous evaluation).

5.10.13

Natural Attenuation and Monitoring*:. Evaluate the non-intervention strategy

(not advisable — evaluate for offshore, only implement after a rigorous evaluation).

5.10.14

Post-Spill*.
5.10.14.1 Chemical and ecotoxicological analysis of the sea surface layer

and/ or undiluted substance.

5.10.14.2 Chemical analysis (e.g. bioaccumulation) and biological analysis
(e.g. biomarkers) of involved fauna to evaluate toxic effects (even on the coast,
if involved).

5.10.14.3 Environmental restoration and recovery techniques can be
adopted.

42 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 159
4 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 159
44 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 159
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5.11

5.11.1 The SEBC behaviour of dissolvers are as given below*: -

Response Considerations to Dissolvers

DE D D
- < Seawater density > Seawater | < Seawater | < Seawater
density density density
> <10 <10 <10
101.3
>10 >5 100

Table 15:Behaviour of Dissolvers(Source Marine HNS Response Manual
Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 161)

5.11.2 For SEBC subgroup “GD”, “DE”, “ED” response considerations of Gases and
evaporators and for floaters and sinkers,response considerations of floaters and response
considerations of sinkers to be considered. Response strategies need to consider the below
mentioned factors affecting the behaviour and fate of the released substances as well as the

short and long-term processes when spilled at sea.

4 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 161
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PROCESSES AND FACTORS AFFECTING BEHAVIOUR AND FATE OF DISSOLVER IN A MARINE ACCIDENT INCIDENT

Physical state
SEBC Code

Processes
when

spilled at sea

Environmen-
tal factors
influencing
intensity of
processes

Drift and
spread of
HNS

Other
relevant HNS
properties

Impact
on marine
environment

Liquids
GAS 7
floaters sinkers floaters
oo [B[TBE[TBETIBT o
Dissolution, dispersion, diffusion dilution, potential violent reactions.

Immediately

- Partial evaporation
evaporation

Solids
sinkers
D

Sea sate, air/water temperature, water-column turbulence/humidity (if on board)

Sea-bottom
currents, bottom
morphology,
bathymetry

Production of plumes in water column; dispersion, diffusion, dilution

Dissolving sub- Floating on

Floating slick until mrgscl iemting samipl. deih

completely dissol-
Atmospheric ~ ved. Involves sea

i can accumulate on issol-
dispersion superficial layer. b tely dissol
sea bottom. ved. Involves
Atmospheric sea surface
dispersion layer

plume. Residuals  yntil comple-

Sea-bottom
currents, bottom
morphology,
bathymetry

Solids and their
dissolving plume
sink in water
column. Sea bot-
tom is potentially
involved.

Evaluate risk of violent reactions with smoke/gas/aerosol production, possibly toxic (e.g. exo-
thermic reaction from strong acids and bases). Evaluate risks of flammability/explosivity.

Toxicity; reactivity; flammability; explosivity; pH
viscosity

Ad(d,,-d,,,,): affects speed of sinking and buoyancy

Main risks are primarily for pelagic ecosystem. In the case of dissolver and sinker substances,
the benthic ecosystem could be also affected. Possible severe interference with and restrictions

on coastal amenities.

Table 16: Processes and factors affecting behaviour and fate of dissolvers in
a marine incident(Source Marine HNS Response Manual Multi-regional
Bonn Agreement, HELCOM, REMPEC, pg 161)

5.11.3 Response Considerations“

5.11.3.1
5.11.3.2

operations are very limited. Usually, the only response option is to leave natural
processes like dispersion and dilution to deal with the spill, and, wherever

Very narrow time window for response at

In case of dissolving substances, containment and recovery

possible, to accelerate these processes.

511.4 Situation Assessment and First Actions®’.

5.11.41

Information gathering

511.4.1.1 Immediately refer to SDS or
the case of an unknown substance, act as
risk.

sea.

chemical databases. In
in the case of maximum

46 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 161
47 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 162
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5.11.41.2 Immediately refer to data related to the location of
the incident and other relevant information.

511.41.3 Consider sea and weather conditions.
511.4.2 Situation Assessment

5.11.4.2.1 On the basis of the information gathered on the
incident and the contingency planning risk, conduct hazard
identification.

511.4.2.2 Response considerations for flammable and
explosive substances, toxic substances, corrosive substances,
reactive substances are to be considered.

5.11.4.2.3  Estimation of risk and vulnerability.
5.11.4.2.4 Evaluation of consequences.
5.11.4.3 First Actions

5.11.4.3.1 Take into account the first actions to guarantee
safe conditions for the responders by identifying and reducing
the hazards of explosion, fire, exposure to toxic vapours, etc.
and then stop or reduce the source of the HNS spill.First actions
(casualty) and First actions (responders) to be considered.

5.11.4.3.2 Identification of the main hazards. Response
considerations for flammable and explosive substances, toxic
substances, corrosive substances and reactive substances to be
considered.

5.11.4.3.3 Consider public safety. Safety zones to be
established.

5.11.4.3.4 Equipment/ logistics including personal protective
equipment and portable gas detectors for first responders to be
available.

5.11.5 Monitoring*®

5.11.5.1 Modeling. Modeling dissolved plume in water column. Input
to be considered are chemical and physical parameters of the substance,

48 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 162-163
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weather condition and forecast and type of spill source. HNS spill modeling to
be considered

5.11.5.2 Monitoring using remote measuring instruments and search
techniques: -

5.11.5.2.1  Aerial surveillance: aircraft (notin case of dangerous
situations), drones.

5.11.5.2.2 Remote sensing technologies may be used.

511.5.2.3 Use of markers to make the substance visually
detectable in water column with ROV or specific sensor (e.g.
fluorimeter): NOT applicable in the case of an explosive or
unknown dissolver. Substance marking, remotely operated
vehicles and Sampling techniques and protocols to be utilized.

5.11.5.3 Monitoring using in situ measuring instruments and search
techniques:-

5.11.5.3.1  Acquisition of chemical and physical parameters
of the water column by multi-parametric probe and analytical
determinations using field instruments (e.g. GC-MS, GC-FID,
GC-PD, IR, etc.);

5.11.5.3.2 Trace gas sensors/ explosimeter and gas detection
(in case of explosion or fire risks or flammable/toxic vapours/
aerosol formation or unknown substances.

5.11.5.3.3 Portable gas detectors for first responders and
sampling techniques and protocols to be employed.

51154 Water Sampling.

5.11.5.4.1  Water sampling by “niskin” bottles (for deep or sub-
surface sampling) or by manual sampling (e.g. with a glass bottle
for floating substances) and storage of samples for laboratory
analysis. Use of multi-parametric probe to locate the plume. Very
narrow time window. Specialised personnel could be required.

5.11.54.2 Sampling solid substances (if not completely
dissolved) in surface and sub-surface seawaters with specific
nets, etc. Very narrow time window.
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511.5.4.3 Sampling techniques and protocols and HNS
detection and analysis methods to be used.

5.11.5.5 Air Sampling

5.11.5.5.1  Trace gas sensors. Detectors for toxic substances
(on board and in the environment); explosimeter and gas detection
to detect explosion or fire risks.

5.11.5.5.2 For detecting oxygen deficiency, electrochemical
oxygen sensors could be used.

5.11.5.5.3 Portable gas detectors to be used for first

responders.
5.11.6 Response Options*
5.11.6.1 Vessel-oriented Actions

5.11.6.1.1 Emergency boarding.

511.6.1.2 Stop the release of substance from its source.
Sealing and plugging may be undertaken.

5.11.6.1.3  Recovery operation of the residual load. Cargo
transfer may an option.

5.11.6.1.4  On board collect spillage, where practicable, using
sorbent material for safe disposal.

5.11.6.2 Towing & boarding may be resorted. Emergency towing may be
undertaken to a places of refuge.

511.6.3 Pollutant-oriented Actions

511.6.3.1  HNS response in the water column may be
undertaken.

5.11.6.3.2 Neutralising agent may be used in the case of
accidents involving substances that induce strong pH variations.
Applicable only for small spills, restricted areas and no current,
consider dissolution kinetics.

5.11.6.3.3  Suction of contaminated water and suitable
purification treatment (e.g. adsorption on activated carbon;

4 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 164-165
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flocculating agents). Applicable only for shallow waters and calm
waters;

5.11.6.3.4  Physical barrier to stop or slow down the spread of
the pollutant. In the presence of vapour or smoke, contain using
bubble barriers. This technique is applicable for small spills and
calm weather conditions.

5.11.6.3.5 Filtering flow to protect intakes.
5.11.6.3.6  Recovery of solids suspended in the water column.

5.11.6.3.7  Wildlife response will focus on avifauna and marine
mammals exposed to toxic or corrosive substances.

5.11.6.4 Controlled Release Technique. Controlled release of substance
still stored on board (not advisable — evaluate for offshore, only implement after
a rigorous evaluation).

5.11.6.5 Natural Attenuation and Monitoring. Evaluate the non-
intervention strategy (not advisable — evaluate for offshore only).

5.11.7 Post-Spill.
5.11.7.1 Environmental investigation:-

511.7.1.1 Chemical and ecotoxicological analysis of
contaminated seawater and/ or undiluted substance.

5.11.7.1.2 Chemical and biological analysis of marine
organisms (e.g. biomarkers) and involved wildlife.

511.7.1.3 HNS detection and analysis methods and
environmental restoration and recovery could be employed.

5.12 Response Considerations to Sinkers

5121 The SEBC behaviour of sinkers are as given below®’: -

>seawater density

<01 | <10 | 0.1-5 | >10

Table 17:Behaviour of Sinkers (Source Marine HNS Response Manual Multi-regional
Bonn Agreement, HELCOM, REMPEC, pg 166)
%0 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 166
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5.12.2 For SEBC group SD, response considerations of dissolvers will be also
applicable®'. Response strategies need to consider the factors affecting the behaviour and
fate of the released substances as well as the short- and long-term processes when spilled
at sea®>.The processes and factors affecting behaviour and fate of floaters are as given
below?:-

Environmental factors | Water column/ sea bottom currents, water temperature;
influencing intensity [ bottom morphology, bathymetry
of processes

Other relevant, | Ad (density) (dsw - dsolid): affect sinking speed
HNS properties and | jogKow/log Koc viscosity of the liquid or
Behaviour dissolved fraction

viscosity of the liquid or
dissolved fraction

Reactivity, toxicity, persistency

Impact on marine|lmpact on marine environment mainly related to benthic
environment ecosystems; water column could be also affected. Microbial
degradation of some sinkers may occur (e.g. decomposition
of grain to form hydrogen sulphide). Some insoluble sinkers
are persistent in marine environment.

Table 18: Processes and factors affecting behaviour and fate of Sinkers in a marine
incident (Source Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM,
REMPEC, pg 166)

5.12.3 Response Considerations>.

5.12.3.1 High cost for research and recovery activities.

5 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 166
52 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 166
% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 166
5 Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 167
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5.12.3

5.12.3.2

In case of emergency on board a ship it should be considered to

avoid dangerous situation related to hazard of the substances involved.

Situation Assessment and First Actions®®

5.12.3.1

5.12.3.2

Information gathering: -

5.12.3.1.1 Immediately refer to SDS or chemical databases. In
the case of an unknown substance, act as in the case of maximum
risk.

5.12.3.1.2 Immediately refer to bathymetric and
geomorphological data related to sea-bottom and to incident
information.

5.12.3.1.3 Consider sea and weather conditions.

5.12.3.1.4 Incident notification and incident data gathering to
be undertaken.

Situation Assessment. On the basis of the information gathered

on the incident and the contingency planning risk, consider conducting:-

5.12.3.3

5.12.3.21 Hazard identification.

5.12.3.2.2 Response considerations of flammable and
explosive substances, toxic substances, corrosive substances
and reactive substances to be considered.

5.12.3.2.3  Estimation of risk and vulnerability.
5.12.3.2.4  Evaluation of consequences.
First Actions.

5.12.3.3.1 Take into account the first actions to guarantee
safe conditions for the responders by identifying and reducing
the hazards of explosion, fire, exposure to toxic clouds, etc. and
then stop or reduce the source of the HNS spill.

5.12.3.3.2  Firstactions (casualty) andfirstactions (responders)
to be considered.

5.12.3.3.3  Consider public safety. Establish safety zones.

% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 167
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5.12.4

5.12.3.3.4 Equipment/ Logistics. Personal protective
equipment and portable gas detectors for first responders to be
employed.

Monitoring®.
5.12.4.1 Modeling.
5.12.4.1.1  Spill modeling: trajectories, drifting on seabed.

5.12.4.1.2 For sinkers, to be considered the type of release,
environmental conditions during the incident. Evaluate prevailing
weather and sea conditions to determine way and distribution of
chemical on sea bottom. HNS spill modeling to be considered.

5.12.4.2 Monitoring using in situ measuring instruments and search
techniques: -

5.12.4.2.1 Towing dredge (for solid substances) or absorbent
material (for some liquid substances) along sea bottom.

5.12.4.2.2 Sonar systems: side scan sonar (solids) and
multibeam echosounder (seafloor depression or accumulation,
bottom pool of sinking liquids), ROV investigations. Remote
sensing technologies and remotely operated vehicles may be
employed.

5.12.4.3 Sediment Sampling. Sampling box corer, grabs/videos using
ROV and/ or professional divers.

51244 Water Sampling. Acquisition of chemical-physical parameters in
(deep) water column by multi-parametric probe and analytical determinations
using field instruments (e.g. GC-MS, GC-FID, GC-PD, IR, etc.). Only for SD or
dissolved reaction products. Hazard of reactivity also to be considered.

5.12.4.5 Air sampling on board.

5.12.4.5.1 Some sinkers, such as calcium carbide, can react
violently with water and can be ignited under almost all ambient
temperature conditions, while others, such as naphthalene, are
reactive to air and flammable.

512.4.5.2 Trace gas sensors for explosion or fire risks.
Explosimeter and gas detection to be utilised.

% Marine HNS Response Manual Multi-regional Bonn Agreement, HELCOM, REMPEC, pg 168
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5.12.5

5.12.6

5.12.45.3 For oxygen deficiency electrochemical oxygen
sensor may be employed.

5.12.454 Portable gas detectors for first responders,
Sampling techniques and protocols and HNS detection and
analysis methods may be used.

Response Options®.

5.12.51

5.12.5.2

5.12.5.3

Vessel-oriented Actions.
5.12.5.1.1 Emergency boarding.

5.12.5.1.2 Stop the release of substance from its source.
Sealing and plugging can be undertaken.

5.12.5.1.3 Transfer cargo or tow the ship to a place of refuge.

5.12.5.1.4  Retain all or part of the flow of the pollutant on board
before it can reach marine environment.

Pollutant-oriented Actions.

5.12.5.2.1  Containment and recovery: dredging (mechanical,
pneumatic or hydraulic) for solid sinkers; pumping systems
for liquid sinkers (also operated with ROV or with underwater
operators, depending on how dangerous the substance is and
the depth of the seabed).

5.12.5.2.2 Wildlife response focuses on the seafloor to
minimise the impact on benthic ecosystems.

Controlled Release Technique. Controlled release of a

substance still stored on board (e.g. in the case of loss of ship stability due to
heavy weather; not advisable — evaluate for offshore, only implement after a
rigorous evaluation).

5.12.54

Natural Attenuation and Monitoring. Evaluate the non-

intervention strategy. Recovery of sunken substance is often not possible.

Post-spill.

5.12.6.1

Chemical and biological analysis (e.g. biomarkers) on pelagic

and benthic organisms.
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5.13
5.13.1

5.12.6.2 Chemical analysis on sea bottom and in water column (for
persistent substances).

5.12.6.3 Post spill monitoring may be undertaken.
5.12.6.4 HNS detection and analysis methods are to be adopted
5.12.6.5 Environment restoration and recovery may be adopted.

CEDRE Response Guide for Responding to HNS

The response guide prepared by CEDRE with respect to commonly transported

HNS by sea may be referred for responding to the spill scenario of the chemicals. The details
of available response guides (extract is placed at Appendix B) are as follow: -

Ser HNS CEDRE Response Guide

1 1,2-Dichloroethane 1,2-Dichloroethan Chemical Response Guide

2 | Phosphoric Acid Phosphoric Acid Chemical Response Guide

3 | Sulphuric Acid Sulphuric Acid Chemical Response Guide

4 | Ethyl Acrylate Ethyl Acrylate Chemical Response Guide

5 | Ammonia Ammonia Chemical Response Guide

6 |Benzene Benzene Chemical Response Guide

7 | Chloroform Chloroform Chemical Response Guide

8 | Vinyl Chloride Vinyl Chloride Chemical Response Guide

9 |Condensates Condensates Chemical Response Guide

10 | Dimethyl Sulphide Dimethyl Sulphide Chemical Response Guide

11 | Unleaded Gasoline Unleaded Gasoline Chemical Response Guide

12 | Sodium Hydroxide 50% Sodium Hydroxide 50% Solution Chemical Response

Solution Guide
13 | Stabilised Methyl Stabilised Methyl Methacrylate Chemical Response
Methacrylate Guide

14 | Methyl Ethly Ketone 2Methly Ethyl Ketone Chemical Response Guide

15 | Styrene Styrene Chemical Response Guide

16 | Xylene Xylene Chemical Response Guide

Table 19:List of CEDRE Response Guides on HNS
5.13.2 The guides also provide following information of HNS with special reference to

safety to be observed by the responders: -
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5.13.21
5.13.2.2
5.13.2.3
5.13.2.4
5.13.2.5
5.13.2.6
5.13.2.7
5.13.2.8
5.13.2.9
5.13.2.10

Response Guidance to HNS Spill at Sea
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Flammability data.
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6 Stakeholder Engagement and Media Protocols

6.1 Media Protocols

6.1.1 Media and Public Relations Coordinator. The Media and Public Relations
Coordinator shall ensure adequate liaison between the incident management team and
the media. All queries received from the media should be directed to this person. Before
releasing any information, the Media and Public Relations Coordinator’s action should have
the approval of either the relevant Coast Guard Commander or CIC, depending on the size
of the spill.

6.1.2 Communication Strategy. Cooperation at all levels is likely to be a key factor in
the success of an effective and coordinated response. Two very distinct communication
strategies need to be established:-

6.1.2.1 Internal, which highlights how the various teams involved in the response
communicate with each other.

6.1.2.2 External, which deals with how the information is shared with the wider
public using various media.

Tools to communicate

]
a1 Press release

L]
E []
2 Pre;-‘.s . Stcl.k.eholders ** Website updates .
o Social media Politicians " '
+ Public 1+ Press conference '
i 1 Social media .
- s == sl s sssssssssssassasse= ]
'EEEEEEEREE Incident I R R N N I I I
Command "L
‘. POLREPs
. Meetings

Arborme or other
survellance response

! Database recordings
' Common depository folder

el " EEmoiIs;‘Messoging
e Sponse response :: VHF

Figure 26: Flowchart of a typical communication structure in a function-based structure
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Figure 12: Flowchart of a Typical Communication Structure in a function-based structure
6.2 External communication

6.2.1 Information management is crucial to keep all external stakeholders and the general
public informed and updated on the progress of the response and related matters. The
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communications team should be aware that different types of media will convey messages
to different audiences. It is important to review the type of media utilised in order to ensure
the best outreach for the target audience for every communication. This can include website
updates, official press release statements and social media status updates, including photos.

6.2.2 Having an appropriate communication plan priorto an eventimproves the dissemination
and quality of the response by the communication team. It is essential to have a set of
engagement rules and pre-prepared statement templates. Therefore, the contingency plan
should include a list of external outlets with which to communicate, such as local government,
journalists, environmental groups, etc. This list should be kept updated by the communications
team. Having a reliable online presence on social media prior to a crisis can help successfully
share information during an event.

Approval
process for
ommunications

Objective of all
communication

Communication
plan

Figure 13:Communication Plan(Source Marine HNS Response Manual,
Multi-Regional Bonn Agreement, HELCOM, REMPEC, Pg 95)
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Important rules to note:

=4

Appoint spokesperson

A communication

plan should appoint a
single person to be the
spokesperson during a
response. This person
should ideally undergo

media training prior
to an incident and be
experienced in public

speaking.

All official enquiries
should be directed to
the spokesperson.

=)

Communicate
early and often

Rumours or fake news
can spread fast in the
absence of readily
available, accurate infor-
mation. Therefore, com-
municating early on in a
response can reduce the
spread of false informa-
tion. Keeping all external
stakeholders and the
general public updated
on the progress of the
response will affect how
response efforts are per-
ceived.

o —

W —

Keep it concise

Information must be
concise. This is particu-
larly important in the age
of social media where
short snapshots of infor-
mation are favoured.
Indeed, most social
media platforms encou-
rage succinctness, limi-
ting the lengths of state-
ments or allowing only
short videos. The key
points of the message
should be conveyed
in easy to understand,
non-specialist language
as efficiently as possible.

I

Stick to the facts

Only true and verified
information should be
shared. However, it is
important to keep in
mind that whenever
limited information is
available, communi-
cation might stillbe
necessary, to inform the
public of the actions
taken so far. Partial or
incomplete information
from verified sources can
sometimes be preferable
to no information at all.
However, unverified
information should never
be released.

Figure 43: Key issues relating to external communication - © ITOPF

Figure 14: Key Issues Related to External Communications (Source
(Luigi Alcaro2, 2021)(ITOPF), Pg 96)

6.3 Press Conferences

6.3.1 Relationship between the Media and Response Effort. Different types of media,
and their various sources, can influence numerous aspects of a response. Irrespective
of whether a well-defined or poor media strategy was in place, media can have a huge
impact throughout the incident, influencing many facets of a response. At the beginning of
a response, the impact is more direct and immediate on strategy and operational aspects
and the media has a duty to communicate facts and highlight societal issues. Furthermore,
increased accountability of the stakeholders involved in the response will have a major
positive impact on the effectiveness of the response. As the response moves into the project
management phase, the media interest usually starts to decrease. However, reporting of the
potentially negative impacts of a spill on human health, the environment and socio-economic
resources means that it is often too late to counteract certain perceptions of damage which
may lead to non-genuine claims.This balance is difficult to achieve, and the communications
team needs to be well trained to address these types of issues when they arise.

6.3.2 Drafting Press Release and Organising Press Conference. Aim of organising a
press conference is to deliver a clear and managed message to a target audience.
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6.3.3 Press statement. A press release statement is a tool that must be included in a
contingency plan; it allows a pre-determined, concise message to be delivered to a wide
range of media outlets to quickly and efficiently disseminate information. As with all external
communication, any press statement should be approved by the On-Scene Commander
(OSC) and the communications team. Things to consider when drafting a press statement
are as given below:-

6.3.3.1 Answer the questions relating to the event: Who? What? Where? When?
How?

6.3.3.2 Be concise, stick to the facts.

6.3.3.3 Use simple, straight-forward and non-specialist language.

6.3.3.4 Use a tone that reassures the end-user.

6.3.3.5 Provide contact details for all media and public enquires to allow your

organisation to manage the incoming information efficiently.

6.3.3.6 Don’t forget the time, date and reference number of the statement
release.

6.3.4 Press Conferences. Press conferences should be organised by the communications
team with the approval of the OSC. Media outlets need to be invited and a presentation or
statement should be prepared ahead of time to provide an update on the situation and as
many facts as is appropriate to give a clear understanding of the situation. A spokesperson,
who has adequate media training, should be appointed to deliver the press conference.
However, questions may arise that are best answered by experts/ specialists, who should
therefore be part of the speaker panel. If this is the case, a moderator for the panel should
be appointed. As with all external communication, all parties must be briefed on the key
points and on the facts that have been checked to be released to external parties. Keep the
communication channels open with the public and the media but direct them through your
approved channels to ensure your organisation has as much control as possible to sort and
prioritise queries. Try to provide regular press conferences to give updates throughout the
response and provide a platform for the public and the media to ask questions. Things to
consider when planning a press conference:-

6.3.4.1 Make a clear and planned opening statement summarising the key facts.
6.3.4.2 Be clear and concise.
6.3.4.3 Direct any questions requiring expert knowledge to the appropriate

person on the panel.
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6.3.4.4 Allow a fixed number of questions or set a specific time frame for
questions (e.g. 5 questions/ 20 min).

6.3.4.5 Prepare for challenging questions from the media, and keep answers
factual.

6.3.4.6 Anticipate questions and prepare answers.

6.3.4.7 Do not speculate, or answer questions outside your competence.
6.3.4.8 Limit the whole conference to an hour/ hour and a half at the most to

ensure key messages are not lost.
6.4 Social Media

Social media can intensify the pressure for official outlets to provide information and to keep
up with information shared online. It is important to be proactive in the world of social media
and act as a reliable and consistent source of information during an event. In relation to press
conferences, the communications team should use social media to advertise the details of the
press conference and distribute highlights from the press conference in a clear and concise
manner. This will encourage the public to seek information from official rather than alternative
sources.

6.5 Internal Communications
6.5.1 Internal communication will aim at:-

6.5.1.1 Informing all stakeholders of the current situation and the process for
communication channels;

6.5.1.2 Outlining the roles and responsibilities of each team within the response,
and what is expected of them;

6.5.1.3 Advising by providing reliable advice on how to act in different situations
regarding communications.

6.6 On-site Communication

The transmission of information between responders and transmission to the On-Scene
Commander (OSC) must be considered and prepared. Communication plays a key role
in safety issues in the field throughout the various steps of the response. Indeed, clear
transmission of information is required, especially in the case of HNS for which a single
letter in the name of a chemical can change everything. The use of the international alphabet
for transmission of key words is recommended as well as asking the receptor to repeat
information to ensure it has been received correctly. During the response, responders should
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be able to communicate with team members. This might be possible for instance with all
types of PPE suits equipped with Bluetooth communication or by using agreed hand signals.

6.7 Incident Management Team Communication

6.7.1 The Incident Commander is responsible for implementing a communication plan that
keeps all stakeholders informed. All information needs to be prioritised and filtered across the
response team by a team dedicated to communication, ensuring that adapted, standardised
and factual information is provided to all relevant parties in a timely and clearly transmitted
manner. This communication can use a variety of means and tools including Very High
Frequency (VHF) radios, emails, phone calls, text messages or any other applicable methods.
It also includes Pollution Reports (POLREPSs) to convey updates about the observed pollution.

6.7.2 These procedures need to be appropriate for team members in an office setting, as
well as for those in the field on aircrafts, vessels or in remote locations. Therefore, suitable
methods may be team-specific.

6.8 Communication Plan

6.8.1 Information can be overwhelming for decision-makers during a crisis; a clear approach
is required to allow information to be sifted through, organised and responded to in an
appropriate and timely manner.

6.8.2 lIssues in Communication. During the emergency phase of a crisis, internal and
external communication can be very challenging. Below are some common issues that arise,
and ways to reduce their impacts on internal communication:-

6.8.2.1 Lack of Awareness of Responsibilities. Having a developed and
up-to-date communication plan prior to any crisis is essential to ensure roles and
responsibilities are already defined. Each assigned team member should be aware of
their role and have received adequate training prior to an event to allow them to fulfil
the role competently.

6.8.2.2 Overwhelming Incoming Requests for Information. Having a
dedicated communication team is essential to prioritise key information received from
various stakeholders. Information should be delivered to all parties simultaneously in
a controlled manner, and not delivered piecemeal with each request.

6.8.2.3 Getting information to where it needs to go. A clear communication
path is required to allow information to be delivered where needed across all internal
teams efficiently. The communication plan should outline how updates and essential
information is delivered to different teams so that a clear path of internal in formation
transfer is outlined.
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6.8.24 Lack of meetings/ openness with information. Regular and
consistent updates across the internal team is crucial to ensure the response is
well coordinated and informed. Meetings and briefings provide good opportunities
for the communication team to deliver key messages which ensure a high level of

understanding across the team. Liaison officers might ensure that rapidly changing
developments are communicated effectively.
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Symbology of HNS Substance

Appendix A
(Refers to para 2.7)

UN Model Regulations

UN Class 1: Explosives includes six subcategories:

® @

Projection Hazard
{e.g. Rockets)

®

Very Insensitive with Mass
Explosion Hazard

Mass Explosion Hazard
{e.g. Octonal)

@

Minor Explosion Hazard
(2.g. Pyrotechnics)

An explosive substance is "a solid or liquid substance (or a mixture of substances)
which is in itself capable by chemical reaction of producing gas at such a tempe-
rature and pressure and at such a speed as to cause damage to the surroundings.”

o

Fire Hazard and Minor
Blast and/or Minor
Projection Hazard

®

Extremnely Insensitive;
Mo Mass Explosion
Hazard

Figure 15: Hazard Explosivity (Source Marine HNS Manual, Multi-Regional Bonn

Agreement, HELCOM, REMPEC, pg 19)

UN Model Regulations
* UN Class 2.1: Flammable gases at a standard pressure of 101.3
kFa at 20°C (e.g. propane)

* UN Class 3: Flammable liquids with a flash point of not more than
&60°C (e.g. diesel/gasoling)

* UN Class 4.1: Flammable solids, which are readily combustible or
may cause or contribute to fire through friction (e.g. magnesium)

.4

Figure 16:Hazard Flammability(Source Marine HNS Manual, Multi-Regional Bonn

Agreement, HELCOM, REMPEC, pg 20)
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UN Model Regulations

* UN Class 5.1: Oxidising substances includes “substances which,
while not necessarily combustible, may, generally by yielding oxy-
gen, cause, or contribute to, the combustion of other material”
(e.g. hydrogen peroxide)

* UN Class 5.2: Organic peroxides "are thermally unstable subs-
tances, which may undergo exothermic self-accelerating decom-

position”. In addition they may be liable to explosion or fire and
react with other substances” (e.g. benzoyl peroxides)

€

Figure 17:Hazard Oxidation(Source Marine HNS Manual, Multi-Regional
Bonn Agreement, HELCOM, REMPEC, pg 21)

UN Model Regulations

UM Class 8 Corrosive substances (liquids and solids) are substances

r

which, "by chemical action, will cause irreversible damage to the skin, &
or, in case of leakage, will materially damage, or even destroy, other
goods or the means of transport”.

Figure 18:Hazard Corrosion(Source Marine HNS Manual, Multi-Regional
Bonn Agreement, HELCOM, REMPEC, pg 22)

UN Model Regulations

» UN Class 4.1: Flammable solids/self-reactive substances are rea-
dily combustible substances or may cause or contribute to fire
through friction; "thermally unstable substances liable to undergo
a strongly exothermic decomposition even without participation
of oxygen” (e.g. matches)

+ UN Class 4.2: Spontaneously combustible solids are either pyro-
phoric substances "which even in small quantities ignite within five
minutes of coming in contact with air" or self-heating substances
which in contact with air are liable to self-heating (e.g. white phos-
phorus)

= UN Class 4.3: Dangerous when wet includes substances "which,
by interaction with water, are liable to become spontaneously
flammable orto give off flammable gases” (=.g. sodium)

Figure 19:Hazard Reactivity (Source Marine HNS Manual, Multi-Regional
Bonn Agreement, HELCOM, REMPEC, pg 23)
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Marine pollutants

The phrases "Harmful substances carried by sea in packaged form” [MARPOL Annex
), "Marine Pollutant” (IMDG Code) and “Environmentally hazardous substance
{aguatic environment)” (GHS) can be used interchangeably and are based on the
same GHS, UN Model Regulations and GESAMP criteria » 2.1 GESAMP Hazard
Profile.

Marine pollutants are goods with properties that are adverse to the
marine environment {e.g. hazardous to aquatic life (marine flora and
fauna), tainting seafood, or accumulating in aguatic organisms).

Figure 20:Hazard Marine Pollutant(Source Marine HNS Manual, Multi-Regional
Bonn Agreement, HELCOM, REMPEC, pg 24)
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Chemical Data Sheet

Appendix B
(Refers to para 5.13)

S

B1 - Ethylene Dichloride FLAMMABLE PO'SON
6
CAS Number 107-06-2 UN/NA Number 1184
DOT Hazard Label | 2mmableLiquid | ,cna cHRIS Code |EDC
Poison
56°F
Chemical Formula [C2H4CI2 Flash Point
(NTP, 1992)
Lower Explosive |6.2% Upper Explosive 15.9 %
Limit (LEL) (NTP, 1992) Limit (UEL) (NTP, 1992)
— -31.5°F
Autoignition 775°F (USCG, 1999) |Melting Point
Temperature (NTP, 1992)

Vapor Pressure

60 mmHg at 68°F ;
100 mmHg at 84.9°F
(NTP, 1992)

Vapor Density
(Relative to Air)

3.4 (NTP, 1992) -
Heavier than air; will
sink

Specific Gravity

1.253 at 68°F
(USCG, 1999) -
Denser than water;
will sink

Boiling Point

182.3°F at 760
mmHg (NTP, 1992)

Molecular Weight

98.96 (NTP, 1992)

Water Solubility

5to 10 mg/mL at
66°F (NTP, 1992)

lonization Energy/
Potential

11.05 eV (NIOSH,
2024)

IDLH

50 ppm ; A potential
occupational
carcinogen. (NIOSH,
2024)

AEGLs

(Acute Exposure Guideline Levels)

No AEGL information available.
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_________________________________________________________________________________________________

2 -Can cause temporary incapacitation or
.reS|duaI injury.

I :‘ Flammabilit + 3 -Can be ignited under almost all ambient
! y : 'temperature conditions.

_________________________________________________________________________________________________

General Description

A clear colorless liquid with a chloroform-like odor. Flash point 56°F. Denser than water and
insoluble in water. Vapors are heavier than air. Density 10.4 Ib / gal.

Hazards
Reactivity Alerts Highly Flammable
Air & Water , _
Reactions Highly flammable. Slightly water soluble.

Special Hazards of Combustion Products : Toxic and irritating gases

. (hydrogen chloride, phosgene) are generated.
Fire Hazard o ) ) , )
Behaviorin Fire : Vapor is heavier than air and may travel considerable

distance to a source of ignition and flash back. (USCG, 1999)

Inhalation of vapors causes nausea, drunkenness, depression.
Health Hazard Contact of liquid with eyes may produce corneal injury. Prolonged
contact with skin may cause a burn. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 131 [Flammable Liquids - Toxic]:

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

SPILL: Increase the immediate precautionary measure distance, in the downwind direction,
as necessary.

Firefighting - Excerpt from ERG Guide 131 [Flammable Liquids - Toxic]:

CAUTION: The maijority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient. CAUTION: Methanol (UN1230) will burn with an
invisible flame. Use an alternate method of detection (thermal camera, broom handle, etc.).

SMALL FIRE: Dry chemical, CO2, water spray or alcohol-resistant foam.

LARGE FIRE: Water spray, fog or alcohol-resistant foam. If it can be done safely, move
undamaged containers away from the area around the fire. Dike runoff from fire control for
later disposal. Avoid aiming straight or solid streams directly onto the product.
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Non-Fire Response - Excerpt from ERG Guide 131 [Flammable Liquids - Toxic]:

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors.

SMALL SPILL: Absorb with earth, sand or other non-combustible material and transfer to
containers for later disposal. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Ethylene dichloride:

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

First Aid

EYES: First check the victim for contact lenses and remove if present. Flush victim’s eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center. Do not put any ointments, oils, or medication in the victim’s
eyes without specific instructions from a physician. IMMEDIATELY transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irritation) develop.

SKIN: IMMEDIATELY flood affected skin with water while removing and isolating all
contaminated clothing. Gently wash all affected skin areas thoroughly with soap and water.
IMMEDIATELY call a hospital or poison control center even if no symptoms (such as redness
or irritation) develop. IMMEDIATELY transport the victim to a hospital for treatment after
washing the affected areas.

INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
IMMEDIATELY call a physician and be prepared to transport the victim to a hospital even
if no symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop. Provide proper respiratory protection to rescuers entering an
unknown atmosphere. Whenever possible, Self-Contained Breathing Apparatus (SCBA)
should be used; if not available, use a level of protection greater than or equal to that
advised under Protective Clothing.
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INGESTION: DO NOT INDUCE VOMITING. Volatile chemicals have a high risk of being
aspirated into the victim’s lungs during vomiting which increases the medical problems.
If the victim is conscious and not convulsing, give 1 or 2 glasses of water to dilute
the chemical and IMMEDIATELY call a hospital or poison control center. IMMEDIATELY
transport the victim to a hospital. If the victim is convulsing or unconscious, do not give
anything by mouth, ensure that the victim’s airway is open and lay the victim on his/her side
with the head lower than the body. DO NOT INDUCE VOMITING. IMMEDIATELY transport
the victim to a hospital.

OTHER: Since this chemical is a known or suspected carcinogen you should contact
a physician for advice regarding the possible long term health effects and potential
recommendation for medical monitoring.

Recommendations from the physician will depend upon the specific compound, its chemical,
physical and toxicity properties, the exposure level, length of exposure, and the route of
exposure. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 50 meters (150 feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B2 - Phosphoric Acid

CORROSIVE

1805 (Solution)
CAS Number 7664-38-2 UN/NA Number

3453 (Solid)
DOT Hazard Label |Corrosive USCG CHRIS Code |PAC
Chemical Formula [H3PO4 Flash Point NA
Lower Explosive NA Upper Explosive NA
Limit (LEL) Limit (UEL)

ianiti Not flammable 108°F
Autoignition Melting Point
Temperature (USCG. 1999) (NIOSH, 2024)
0.03 mmHg (NIOSH, [Vapor Density

Vapor Pressure | 554 (Relative to Air) NA

Specific Gravity

1.892 at 77°F
(USCG, 1999) -
Denser than water;
will sink

Boiling Point

greater than 266°F at
760 mmHg (USCG,
1999)

Molecular Weight

98 (USCG, 1999)

Water Solubility

Miscible (NIOSH,
2024)

lonization Energy/

Potential

NA

IDLH

1000mg/m3 (NIOSH
2024)

AEGLs

(Acute Exposure Guideline Levels)

No AEGL information available.

_________________________________________________________________________________________________

+ Diamond Hazard + Value :

: ------------- :‘Health ----------- :3 ECan cause serious or
| @ Flammability |0

<> Instability iO

_________________________________________________________________________________________________

General Description

A clear colorless liquid or transparent crystalline solid. The pure solid melts at 42.35°C and
has a density of 1.834 g/ cm3. Liquid is usually an 85% aqueous solution. Shipped as both
a solid and liquid. Corrosive to metals and tissue. Used in making fertilizers and detergents
and in food processing.
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Hazards

Reactivity Alerts None

Air & YVater Soluble in water with small release of heat.
Reactions
Non-combustible, substance itself does not burn but may decompose
upon heating to produce corrosive and/ or toxic fumes. Some are
oxidizers and may ignite combustibles (wood, paper, oil, clothing,
. etc.). Corrosives in contact with metals may evolve flammable
Fire Hazard

hydrogen gas. Containers may explode when heated. For electric
vehicles or equipment, ERG Guide 147 (lithium ion or sodium ion
batteries) or ERG Guide 138 (sodium batteries) should also be
consulted. (ERG, 2024)

Burns on mouth and lips, sour acrid taste, severe gastrointestinal
irritation, nausea, vomiting, bloody diarrhea, difficult swallowing,
severe abdominal pains, thirst, acidemia, difficult breathing,
convulsions, collapse, shock, death. (USCG, 1999)

Health Hazard

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 154 [Substances - Toxic and/or
Corrosive (Non-Combustible)]:

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area in all directions for at
least 50 meters (150 feet) for liquids and at least 25 meters (75 feet) for solids.

SPILL: Increase the immediate precautionary measure distance, in the downwind direction,
as necessary.

FIRE: If tank, rail tank car or highway tank is involved in a fire, ISOLATE for 800 meters
(1/2 mile) in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all
directions. (ERG, 2024)

Firefighting — Excerpt from ERG Guide 154 [Substances - Toxic and/or Corrosive (Non-
Combustible)]:-

SMALL FIRE: Dry chemical, CO2 or water spray.

LARGE FIRE: Dry chemical, CO2, alcohol-resistant foam or water spray. If it can be done
safely, move undamaged containers away from the area around the fire. Dike runoff from
fire control for later disposal.

Non-Fire Response - Excerpt from ERG Guide 154 [Substances - Toxic and/or Corrosive
(Non-Combustible)]:

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
Do not touch damaged containers or spilled material unless wearing appropriate protective
clothing. Stop leak if you can do it without risk. Prevent entry into waterways, sewers,
basements or confined areas. Absorb or cover with dry earth, sand or other non-combustible
material and transfer to containers. DO NOT GET WATER INSIDE CONTAINERS. (ERG,
2024)
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Protective Clothing - Excerpt from NIOSH Pocket Guide for Phosphoric acid:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact. Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent
eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET OR CONTAMINATED - Work clothing that becomes wet or significantly
contaminated should be removed and replaced.

Change: DAILY - Workers whose clothing may have become contaminated should change
into uncontaminated clothing before leaving the work premises.

First Aid
Excerpt from NIOSH Pocket Guide for Phosphoric acid:

Eye: IRRIGATE IMMEDIATELY - If this chemical contacts the eyes, immediately wash
(irrigate) the eyes with large amounts of water, occasionally lifting the lower and upper lids.
Get medical attention immediately.

Skin: WATER FLUSH IMMEDIATELY - If this chemical contacts the skin, immediately flush
the contaminated skin with water. If this chemical penetrates the clothing, immediately
remove the clothing and flush the skin with water. Get medical attention promptly.

Breathing: RESPIRATORY SUPPORT - If a person breathes large amounts of this
chemical, move the exposed person to fresh air at once. If breathing has stopped, perform
artificial respiration. Keep the affected person warm and at rest. Get medical attention as
soon as possible.

Swallow: MEDICAL ATTENTION IMMEDIATELY - If this chemical has been swallowed, get
medical attention immediately. (NIOSH, 2024)

Ship’s Response

Do not close, spill area at least 50 meters (150 feet) for liquids and at least 25 meters (75
feet) for solids.

Approach from windward direction.
Shut down ventilation.
Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B3 - Sulphuric Acid

CORROSIVE

CAS Number 7664-93-9 UN/NA Number 1830

DOT Hazard Label |Corrosive USCG CHRIS Code |SFA

Chemical Formula [H2S04 Flash Point NA

Lower Explosive Upper Explosive

Limit (LEL) NA Limit (UEL) NA

?:;%g:‘;‘:’r'; Not Flammable Melting Point 50.65°F (EPA, 1998)

Vapor Pressure

1 mmHg at 294.8°F
(EPA, 1998)

Vapor Density
(Relative to Air)

3.4 (EPA, 1998) -
Heavier than air; will
sink

Specific Gravity

1.841 (EPA, 1998) -
Denser than water;
will sink

Boiling Point

554°F at 760 mm Hg
(EPA, 1998)

Miscible (NIOSH,

Molecular Weight |98.08 (EPA, 1998) Water Solubility 2024)
:::t:z:;;n Energy/ NA IDLH ;gzrzg/m3 (NIOSH,
Exposure Period |AEGL-1 AEGL-2 AEGL-3
AEGLS 10 minutes 0.2 mg/m3 8.7 mg/m3 270 mg/m3
30 minutes 0.2 mg/m3 8.7 mg/m3 200 mg/m3
(Acute Exposure 60 minutes 0.2 mg/m3 8.7 mg/m3 160 mg/m3
Guideline Levels) |75 0 s 0.2mg/m3 |87 mg/m3 |110 mg/m3
8 hours 0.2 mg/m3 8.7 mg/m3 93 mg/m3
_Diamond | Hazard Value  Descripton
| ‘ Health 3 Can cause serious or permanent injury.
‘ Flammability 0 | Will not burn under typical fire conditions.
<> Instability Readily undergoes violent chemical
2 ichanges at elevated temperatures and
____________________ pressures.
‘ Special W i Reacts violently or explosively with water.
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General Description

Sulfuric acid is a colourless oily liquid. It is soluble in water with release of heat. It is
corrosive to metals and tissue. It will char wood and most other organic matter on contact,
but is unlikely to cause a fire. Density 15 Ib/ gal. Long term exposure to low concentrations
or short term exposure to high concentrations can result in adverse health effects from
inhalation. It is used to make fertilizers and other chemicals, in petroleum refining, in iron
and steel production, and for many other uses.

Hazards

Reactivity Alerts Strong Oxidizing Agent, Known Catalytic Activity and Water-Reactive

It is highly reactive and capable of igniting finely-divided combustible
materials on contact. When heated, it emits highly toxic fumes.
Avoid heat; water and organic materials. Sulfuric acid is explosive
or incompatible with an enormous array of substances. Can undergo
violent chemical change at elevated temperatures and pressure. May
react violently with water. When heated, it emits highly toxic fumes.
Hazardous polymerization may not occur. (EPA, 1998)

Air & Water
Reactions

It is highly reactive and capable of igniting finely-divided combustible
materials on contact. When heated, it emits highly toxic fumes.
Avoid heat; water and organic materials. Sulfuric acid is explosive
Fire Hazard or incompatible with an enormous array of substances. Can undergo
violent chemical change at elevated temperatures and pressure. May
react violently with water. When heated, it emits highly toxic fumes.
Hazardous polymerization may not occur. (EPA, 1998)

Corrosive to all body tissues. Inhalation of vapor may cause serious
lung damage. Contact with eyes may result in total loss of vision.
Skin contact may produce severe necrosis. Fatal amount for adult:
between 1 teaspoonful and one-half ounce of the concentrated
chemical. Even a few drops may be fatal if the acid gains access to the
Health Hazard trachea. Chronic exposure may cause tracheobronchitis, stomatitis,
conjunctivitis, and gastritis. Gastric perforation and peritonitis may
occur and may be followed by circulatory collapse. Circulatory shock
is often the immediate cause of death. Those with chronic respiratory,
gastrointestinal, or nervous diseases and any eye and skin diseases
are at greater risk. (EPA, 1998)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 137 [Substances - Water-Reactive
- Corrosive]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area in all directions for at
least 50 meters (150 feet) for liquids and at least 25 meters (75 feet) for solids.

SPILL: Increase the immediate precautionary measure distance, in the downwind direction,
as necessary.
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Firefighting

Fight fire from safe distance or from protected location. Use care as water applied directly
to this acid results in evolution of heat and causes spattering. Cool containers that are
exposed to flames with streams of water until fire is out. Wear positive pressure breathing
apparatus and special protective clothing.

Notflammable. For small fires use dry chemical or carbon dioxide. Use water on combustibles
burning in vicinity of this material. For large fires flood fire area with water from a distance.
Do not get solid streams of water on material. Move container from area if you can do so
without risk. (EPA, 1998)

Non-Fire Response — Excerpt from ERG Guide 137 [Substances - Water-Reactive -
Corrosive]:-

Do not touch damaged containers or spilled material unless wearing appropriate protective
clothing. Stop leak if you can do it without risk. Use water spray to reduce vapors; do not
put water directly on leak, spill area or inside container. Keep combustibles (wood, paper,
oil, etc.) away from spilled material.

SMALL SPILL: Cover with DRY earth, DRY sand or other non-combustible material followed
with plastic sheet to minimize spreading or contact with rain. Use clean, non-sparking tools
to collect material and place it into loosely covered plastic containers for later disposal.
Prevent entry into waterways, sewers, basements or confined areas. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Sulfuric acid:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET OR CONTAMINATED - Work clothing that becomes wet or significantly
contaminated should be removed and replaced.

First Aid
Caution: Sulfuric acid is extremely corrosive. Caution is advised.

Signs and Symptoms of Acute SulfuricAcid Exposure: Signs and symptoms of acute ingestion
of sulfuric acid may be severe and include salivation, intense thirst, difficulty in swallowing,
pain, and shock. Oral, esophageal, and stomach burns are common. Vomitus generally
has a coffee-ground appearance. The potential for circulatory collapse is high following
ingestion of sulfuric acid. Acute inhalation exposure may result in sneezing, hoarseness,
choking, laryngitis, dyspnea (shortness of breath), respiratory tract irritation, and chest pain.
Bleeding of nose and gums, ulceration of the nasal and oral mucosa, pulmonary edema,
chronic bronchitis, and pneumonia may also occur. If the eyes have come in contact with
sulfuric acid, irritation, pain, swelling, corneal erosion, and blindness may result. Dermal
exposure may result in severe burns, pain, and dermatitis (red, inflamed skin).
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Emergency Life-Support Procedures: Acute exposure to sulfuric acid may require
decontamination and life support for the victims. Emergency personnel should wear
protective clothing appropriate to the type and degree of contamination. Air-purifying or
supplied-air respiratory equipment should also be worn, as necessary. Rescue vehicles
should carry supplies such as plastic sheeting and disposable plastic bags to assist in
preventing spread of contamination.

Inhalation Exposure:-
Move victims to fresh air. Emergency personnel should avoid self-exposure to sulfuric acid.

Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is
detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored,
administer oxygen or other respiratory support.

Obtain authorization and/or further instructions from the local hospital for administration of
an antidote or performance of other invasive procedures.

RUSH to a health care facility.
Dermal/Eye Exposure:-

Remove victims from exposure. Emergency personnel should avoid self- exposure to
sulfuric acid.

Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is
detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored,
administer oxygen or other respiratory support.

Remove contaminated clothing as soon as possible.

If eye exposure has occurred, eyes must be flushed with lukewarm water for at least 15
minutes.

Wash exposed skin areas THOROUGHLY with soap and water.

Obtain authorization and/ or further instructions from the local hospital for administration of
an antidote or performance of other invasive procedures.

RUSH to a health care facility
Ingestion Exposure:-

Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is
detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored,
administer oxygen or other respiratory support.

Rinse mouth with large amounts of water. Instruct victims not to swallow the water.
DO NOT induce vomiting or attempt to neutralize!

Obtain authorization and/or further instructions from the local hospital for administration of
an antidote or performance of other invasive procedures.
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Activated charcoal is of no value.

Give the victims water or milk: children up to 1 year old, 125 mL (4 oz or 1/2 cup); children
1 to 12 years old, 200 mL (6 oz or 3/4 cup); adults, 250 mL (8 oz or 1 cup). Water or milk
should be given only if victims are conscious and alert.

RUSH to a health care facility. (EPA, 1998)
Ship’s Response
Do not close, spill or leak area for at least 25 meters (75 feet) in all directions.

Approach from windward direction.
Shut down ventilation.
Shut down RO Plant.

Responders to wear PPE kit as enumerated.

Response Guidance to HNS Spill at Sea




93

B4 - Ethyl Acrylate

FLAMMABLE

CAS Number

140-88-5

UN/NA Number

1917

DOT Hazard Label

Flammable Liquid

USCG CHRIS Code

EAC

C5H802

Chemical Formula Flash Point 48°F (NTP, 1992)
Lower Explosive [1.8 % (NTP, 1992) | Upper Explosive o
Limit (LEL) Limit (UEL) 12.1% (NTP, 1992)
Autoignition 721°F (USCG, 1999) |Melting Point -96.2°F (NTP, 1992)
Temperature
29.3 mmHg at 68°F .
J Vapor Density 3.45 (NTP, 1992) -

Vapor Pressure

; 40 mmHg at 79°F
(NTP, 1992)

(Relative to Air)

Heavier than air; will
sink

Specific Gravity

0.923 at 68°F
(USCG, 1999) - Less
dense than water;
will float

Boiling Point

211.6°F at 760
mmHg (NTP, 1992)

Molecular Weight

100.12 (NTP, 1992)

Water Solubility

10 to 50 mg/mL at
70°F (NTP, 1992)

lonization Energy/

10.30 eV (NIOSH,

300 ppm ; A potential
occupational

Potential 2024) IDLH carcinogen. (NIOSH,
2024)
Exposure Period |AEGL-1 AEGL-2 AEGL-3
10 minutes 8.3 ppm 66 ppm 950 ppm
AEGLs . PP PP PP
A £ 30 minutes 8.3 ppm 45 ppm 410 ppm
cute Exposure .
Guideline Levels) 60 minutes 8.3 ppm 36 ppm 240 ppm
4 hours 8.3 ppm 19 ppm 71 ppm
8 hours 8.3 ppm 9.4 ppm 41 ppm
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________________________________________________________________________________________________

{Q Flammabilty | 3

.-

1 O Instability

________________________________________________________________________________________________

General Description

A clear colorless liquid with an acrid odor. Flash point 60°F. May polymerize exothermically
if heated or contaminated. If the polymerization takes place inside a container, the container
may rupture violently. Auto ignition temperature 721°F (383°C) (NTP). Less dense than
water. Vapors heavier than air. Used to make paints and plastics.

Hazards

Reactivity Alerts Highly Flammable, Polymerizable

Air & Water Highly flammable. Insoluble in water.

Reactions
Special Hazards of Combustion Products: Toxic and irritating vapors
generated when heated.

Fire Hazard Behavior in Fire: Vapor is heavier than air and may travel considerable

distance to a source of ignition and flash back. May polymerize and
cause container to explode. (USCG, 1999)

May cause irritation and burns of eyes and skin. Exposure to
excessive vapor concentrations can also cause drowsiness
accompanied by nausea, headache, or extreme irritation of the
respiratory tract. (USCG, 1999)

Health Hazard

Response Recommendations

Isolation and Evacuation — Excerpt from ERG Guide 129 [Flammable Liquids (Water-
Miscible/ Noxious); polymerization hazard]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).
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Firefighting — Excerpt from ERG Guide 129 [Flammable Liquids (Water-Miscible/ Noxious);
polymerization hazard]:-

CAUTION: The maijority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient.

SMALL FIRE: Dry chemical, CO2, water spray or alcohol-resistant foam. Do not use dry
chemical extinguishers to control fires involving nitromethane (UN1261) or nitroethane
(UN2842).

LARGE FIRE: Water spray, fog or alcohol-resistant foam. Avoid aiming straight or solid
streams directly onto the product. If it can be done safely, move undamaged containers
away from the area around the fire.

Non-Fire Response — Excerpt from ERG Guide 129[Flammable Liquids (Water-Miscible/
Noxious); polymerization hazard]:-

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Ethyl acrylate:

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

EYEWASH - Eyewash fountains should be provided in areas where there is any possibility
that workers could be exposed to the substances; this is irrespective of the recommendation
involving the wearing of eye protection.

QUICK DRENCH - Facilities for quickly drenching the body should be provided within the
immediate work area for emergency use where there is a possibility of exposure. [Note: It is
intended that these facilities provide a sufficient quantity or flow of water to quickly remove
the substance from any body areas likely to be exposed. The actual determination of what
constitutes an adequate quick drench facility depends on the specific circumstances.
In certain instances, a deluge shower should be readily available, whereas in others, the
availability of water from a sink or hose could be considered adequate.] (NIOSH, 2024)
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First Aid

EYES: First check the victim for contact lenses and remove if present. Flush victim's eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center. Do not put any ointments, oils, or medication in the victim's
eyes without specific instructions from a physician. IMMEDIATELY transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irritation) develop.

SKIN: IMMEDIATELY flood affected skin with water while removing and isolating all
contaminated clothing. Gently wash all affected skin areas thoroughly with soap and water.
IMMEDIATELY call a hospital or poison control center even if no symptoms (such as redness
or irritation) develop. IMMEDIATELY transport the victim to a hospital for treatment after
washing the affected areas.

INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
IMMEDIATELY call a physician and be prepared to transport the victim to a hospital even
if no symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop. Provide proper respiratory protection to rescuers entering an
unknown atmosphere. Whenever possible, Self-Contained Breathing Apparatus (SCBA)
should be used; if not available, use a level of protection greater than or equal to that
advised under Protective Clothing.

INGESTION: DO NOT INDUCE VOMITING. Volatile chemicals have a high risk of being
aspirated into the victim's lungs during vomiting which increases the medical problems.
If the victim is conscious and not convulsing, give 1 or 2 glasses of water to dilute
the chemical and IMMEDIATELY call a hospital or poison control center. IMMEDIATELY
transport the victim to a hospital. If the victim is convulsing or unconscious, do not give
anything by mouth, ensure that the victim's airway is open and lay the victim on his/her side
with the head lower than the body. DO NOT INDUCE VOMITING. IMMEDIATELY transport
the victim to a hospital.

OTHER: Since this chemical is a known or suspected carcinogen you should contact
a physician for advice regarding the possible long term health effects and potential
recommendation for medical monitoring.

Recommendations from the physician will depend upon the specific compound, its chemical,
physical and toxicity properties, the exposure level, length of exposure, and the route of
exposure. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 50 meters (150 feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B5 -Ammonia

INHALATION

; INHALATION SRR
Anhydrous Setire H AZARD HALATIO CORROSIVE

CAS Number 7664-41-7 UN/NA Number 1005

Non-Flammable Gas

(domestic)

Inhalation Hazard

(Special Provision
DOT Hazard Label |13) (domestic) USCG CHRIS Code |AMA

Poison Gas

(international)

Corrosive

(international)
Chemical Formula |H3N Flash Point Data NA
Lower Explosive Upper Explosive o
Limit (LEL) 16% (EPA1998) | |imit (UEL) 25% (EPA 1998)
Autoignition 1204°F (USCG, . . o
Temperature 1999) Melting Point -107.9°F (EPA, 1998)

400 mmHg at Vapor Density 0.6 (EPA, 1998) -

Vapor Pressure

-49.72°F (EPA, 1998)

(Relative to Air)

Lighter than air; will
rise

Specific Gravity

0.6818 at -28.03°F
(EPA, 1998) - Less
dense than water;
will float

Boiling Point

28.03°F at 760
mmHg (EPA, 1998)

Molecular Weight

17.03 (EPA, 1998)

Water Solubility

34 % (NIOSH, 2024)

lonization Energy/

10.18 eV (NIOSH,

300 ppm (NIOSH,

2024
Potential 2024) IDLH )
Exposure Period |AEGL-1 AEGL-2 AEGL-3
10 minutes 30 ppm 220 ppm 2700 ppm
AEGLs :
30 minutes 30 ppm 220 ppm 1600 ppm
(C'?C_l(;tf-i_EXF;_OSUII'e 60 minutes 30 ppm 160 ppm 1100 ppm
n
uideline Levels) 4 hours 30 ppm 110 ppm 550 ppm
8 hours 30 ppm 110 ppm 390 ppm
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General Description

A clear colorless gas with a strong odor. Shipped as a liquid under its own vapor pressure.
Density (liquid) 6 Ib/ gal. Contact with the unconfined liquid can cause frostbite. Gas generally
regarded as nonflammable but does burn within certain vapor concentration limits and with
strong ignition. Fire hazard increases in the presence of oil or other combustible materials.
Although gas is lighter than air, vapors from a leak initially hug the ground. Prolonged
exposure of containers to fire or heat may cause violent rupturing and rocketing. Long-term
inhalation of low concentrations of the vapors or short-term inhalation of high concentrations
has adverse health effects. Used as a fertilizer, as a refrigerant, and in the manufacture of
other chemicals.

Hazards

Reactivity Alerts Water-Reactive

Air & Water Soluble in water with evolution of heat. The amount of heat generated
Reactions may be large.

Mixing of ammonia with several chemicals can cause severe fire
hazards and/or explosions. Ammonia in container may explode in
heat of fire. Incompatible with many materials including silver and
gold salts, halogens, alkali metals, nitrogen trichloride, potassium
chlorate, chromyl chloride, oxygen halides, acid vapors, azides,
ethylene oxide, picric acid and many other chemicals. Mixing with
other chemicals and water. Hazardous polymerization may not
occur. (EPA, 1998)

Fire Hazard

Vapors cause irritation of eyes and respiratory tract. Liquid will burn
skin and eyes. Poisonous; may be fatal if inhaled. Contact may cause
burns to skin and eyes. Contact with liquid may cause frostbite. (EPA,
1998)

Health Hazard

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 125 [Gases - Toxic and/ or Corrosive]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 100
meters (330 feet) in all directions.

SPILL: See ERG Tables 1 and 3 - Initial Isolation and Protective Action Distances on the
UN/NA 1005 datasheet.
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Firefighting —
Wear positive pressure breathing apparatus and full protective clothing.

Small fires: dry chemical or carbon dioxide. Large fires: water spray, fog or foam. Apply
water gently to the surface. Do not get water inside container. Move container from fire
area if you can do it without risk. Stay away from ends of tanks. Cool containers that are
exposed to flames with water from the side until well after fire is out. Isolate area until gas
has dispersed. (EPA, 1998)

Non-Fire Response — Excerpt from ERG Guide 125 [Gases - Toxic and/or Corrosive]:

Do not touch or walk through spilled material. Stop leak if you can do it without risk. If
possible, turn leaking containers so that gas escapes rather than liquid. Prevent entry into
waterways, sewers, basements or confined areas. Do not direct water at spill or source
of leak. Use water spray to reduce vapors or divert vapor cloud drift. Avoid allowing water
runoff to contact spilled material. Isolate area until gas has dispersed. (ERG, 2024)

Protective Clothing -

For emergency situations, wear a positive pressure, pressure-demand, full facepiece self-
contained breathing apparatus (SCBA) or pressure- demand supplied air respirator with
escape SCBA and a fully-encapsulating, chemical resistant suit. (EPA, 1998)

First Aid

Warning: Ammonia is extremely corrosive to the skin, eyes, and mucous membranes.
Contact with the liquified gas may cause frostbite. Caution is advised.

Signs and Symptoms of Acute Ammonia Exposure: Inhalation of ammonia may cause
irritation and burns of the respiratory tract, laryngitis, dyspnea (shortness of breath), stridor
(high-pitched respirations), and chest pain.

Pulmonary edema and pneumonia may also result from inhalation. A pink frothy sputum,
convulsions, and coma are often seen following exposure to high concentrations. When
ammonia is ingested, nausea and vomiting may result; oral, esophageal, and stomach
burns are common. If ammonia has contacted the eyes, irritation, pain, conjunctivitis (red,
inflamed eyes), lacrimation (tearing), and corneal erosion may occur. Loss of vision is
possible. Dermal exposure may result in severe burns and pain.

Ship’s Response

Do not close, spill or leak area for at least 100 meters (330feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B6 - Benzene

FLAMMABLE

Vapor Pressure

76 mmHg at 68°F
(NTP, 1992)

(Relative to Air)

CAS Number 71-43-2 UN/NA Number 1114

DOT Hazard Label |Flammable Liquid gggf CHRIS BNZ

Chemical Formula |C6H6 Flash Point 12°F (NTP, 1992)

Lower Explosive o Upper Explosive o

Limit (LEL) 1.4 % (NTP, 1992) Limit (UEL) 8 % (NTP, 1992)

Autoignition 1097°F (USCG, . . o

Temperature 1999) Melting Point 41.9°F (NTP, 1992)
60 mmHg at 59°F ; Vapor Density 2.77 (NTP, 1992) -

Heavier than air; will
sink

Specific Gravity

0.879 at 68°F
(USCG, 1999) -
Less dense than
water; will float

Boiling Point

176.2°F at 760 mmHg
(NTP, 1992)

Molecular Weight

78.11 (NTP, 1992)

Water Solubility

1 to 5 mg/mL at 64°F
(NTP, 1992)

lonization Energy/

9.24 eV (NIOSH,

A potential occupational

Potential 2024) IDLH gg;‘i‘l’)‘oge”' (NIOSH,
Exposure Period |AEGL-1 AEGL-2 AEGL-3

AEGLs 10 minutes 130 ppm 2000 ppm 9700 ppm
30 minutes 73 ppm 1100 ppm 5600 ppm

(Acute Exposure /g0 intes 52 ppm 800 ppm 4000 ppm

Guideline Levels) 4 hours 18 ppm 400 ppm 2000 ppm
8 hours 9 ppm 200 ppm 990 ppm
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________________________________________________________________________________________________

{Q Health

o -

i‘FIammabiIity ’ 3 i temperature conditions.

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

General Description

A clear colorless liquid with a petroleum-like odor. Flash point less than 0°F. Less dense
than water and slightly soluble in water. Hence floats on water. Vapors are heavier than air.

Hazards

Reactivity Alerts Highly Flammable

Air & Water

Reactions Highly flammable. Slightly soluble in water.

Behaviorin Fire: Vapor is heavier than air and may travel considerable

Fire Hazard distance to a source of ignition and flash back. (USCG, 1999)

Dizziness, excitation, pallor, followed by flushing, weakness,
Health Hazard headache, breathlessness, chest constriction, nausea, and vomiting.
Coma and possible death. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 130 [Flammable Liquids (Water-
Immiscible/ Noxious)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

Firefighting — Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible/
Noxious)]:-

CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient.

SMALL FIRE: Dry chemical, CO2, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,
use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire

Non-Fire Response —Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible/
Noxious)]:-

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
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through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Benzene:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact. Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent
eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

First Aid

EYES: First check the victim for contact lenses and remove if present. Flush victim’s eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center.

Do not put any ointments, oils, or medication in the victim’s eyes without specific instructions
from a physician. IMMEDIATELY transport the victim after flushing eyes to a hospital even
if no symptoms (such as redness or irritation) develop.

SKIN: IMMEDIATELY flood affected skin with water while removing and isolating all
contaminated clothing. Gently wash all affected skin areas thoroughly with soap and water.
IMMEDIATELY call a hospital or poison control center even if no symptoms (such as redness
or irritation) develop. IMMEDIATELY transport the victim to a hospital for treatment after
washing the affected areas.

INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
IMMEDIATELY call a physician and be prepared to transport the victim to a hospital even
if no symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop. Provide proper respiratory protection to rescuers entering an
unknown atmosphere. Whenever possible, Self-Contained Breathing Apparatus (SCBA)
should be used; if not available, use a level of protection greater than or equal to that
advised under Protective Clothing.

INGESTION: DO NOT INDUCE VOMITING. Volatile chemicals have a high risk of being
aspirated into the victim’s lungs during vomiting which increases the medical problems.
If the victim is conscious and not convulsing, give 1 or 2 glasses of water to dilute
the chemical and IMMEDIATELY call a hospital or poison control center. IMMEDIATELY
transport the victim to a hospital.
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If the victim is convulsing or unconscious, do not give anything by mouth, ensure that the
victim’s airway is open and lay the victim on his/ her side with the head lower than the body.
DO NOT INDUCE

VOMITING. IMMEDIATELY transport the victim to a hospital.

OTHER: Since this chemical is a known or suspected carcinogen you should contact
a physician for advice regarding the possible long term health effects and potential
recommendation for medical monitoring.

Recommendations from the physician will depend upon the specific compound, its chemical,
physical and toxicity properties, the exposure level, length of exposure, and the route of
exposure. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 50 meters (150 feet) in all directions.

Approach from windward direction.

Shut down ventilation. Shut down RO Plant. Responders to wear PPE kit as enumerated.
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B7 - Chloroform

S
POISON

Vapor Pressure

50.72°F (EPA, 1998)

6
CAS Number 67-66-3 UN/NA Number 1888
DOT Hazard Label |Poison USCG CHRIS Code |CRF
Chemical Formula [CHCL3 Flash Point None
Lower Explosive Upper Explosive
Limit (LEL) None Limit (UEL) None
Autoignition . . o
Temperature Not Flammable Melting Point -82.3°F (EPA, 1998)
100 mmHg at Vapor Density 4.12 (EPA, 1998) -

(Relative to Air) Heavier than air; will

water; will sink

sink
Specific Gravit ?I.949883)2- %’teﬁ:s; iEaP:\ Boiling Point 143°F at 760 mmHg
P Y g (EPA, 1998)

Molecular Weight

119.39 (EPA, 1998)

less than 1 mg/mL at

Water Solubility 66°F (NTP, 1992)

500 ppm ; A potential

lonization Energy/ [11.42 eV (NIOSH, IDLH occupational
Potential 2024) carcinogen. (NIOSH,
2024)
Exposure Period | AEGL-1 AEGL-2 AEGL-3
AEGLS 10 m?nutes NR 120 ppm 4000 ppm
30 minutes NR 80 ppm 4000 ppm
(C;Ac.:tel.Exp;_osu:e 60 minutes NR 64 ppm 3200 ppm
uideline Levels) 4 hours NR 40 ppm 2000 ppm
8 hours NR 29 ppm 1600 ppm
. Diamond ' Hazard ' Value | Descripton |
‘ Health 2 Caq cause temporary incapacitation or resid-
val injugry. .~~~
‘ Flammability o Wil n_?_tmburn under typlc:_?_luflre conditions.
<> Instability 0 Norm_?_l_l}/ stable, even under fire condltlons: _______
‘ Special ¢+
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General Description

Aclear colorless liquid with a characteristic odor. Denser (12.3 Ib/ gal) than water and slightly
soluble in water. Hence sinks in water. Nonflammable under most conditions, but burns
under extreme conditions. May cause illness by inhalation, skin absorption or ingestion.
Used as a solvent, to make other chemicals, as a fumigant.

Hazards

Reactivity Alerts None

Slightly soluble in water. Dissolves in water to form a corrosive
solution of hypochlorous acid which decomposes on standing to
chlorine, oxygen, and chloric acid.

Air & Water
Reactions

Container may explode in the heat of fire. When heated it liberates
phosgene, hydrogen chloride, chlorine and toxic and corrosive oxides
of carbon and chlorine. Chloroform explodes when in contact with
aluminum powder or magnesium powder or with alkali metals (e.g.,
lithium, sodium, and potassium) and dinitrogen tetroxide. It reacts
vigorously with acetone in the presence of potassium hydroxide or
calcium hydroxide. It is oxidized by strong oxidizers such as chromic
acid forming phosgene and chlorine. It reacts vigorously with
triisopropylphosphine. It develops acidity from prolonged exposure
to air and light. (EPA, 1998)

Fire Hazard

It is classified as moderately toxic. Probable oral lethal dose for
humans is 0.5 to 5 g/kg (between 1 ounce and 1 pint) for a 150 Ib.
person. The mean lethal dose is probably near 1 fluid ounce (44
Health Hazard g). It is a human suspected carcinogen. Also, it is a central nervous
system depressant and a gastrointestinal irritant. It has caused rapid
death attributable to cardiac arrest and delayed death from liver and
kidney damage. (EPA, 1998)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 151 [Substances - Toxic (Non-
Combustible)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area in all directions for at
least 50 meters (150 feet) for liquids and at least 25 meters (75 feet) for solids.

SPILL: Increase the immediate precautionary measure distance, in the downwind direction,
as necessary.

Firefighting —

Wear self-contained breathing apparatus and special protective clothing. Move container
from fire area. Fight fire from maximum distance. Dike fire control water for later disposal,
do not scatter the material.

Extinguish with dry chemical, carbon dioxide, water spray, fog or foam. (EPA, 1998)
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Non-Fire Response — Excerpt from ERG Guide 151 [Substances - Toxic (Non-
Combustible)]:-

Do not touch damaged containers or spilled material unless wearing appropriate protective
clothing. Stop leak if you can do it without risk. Prevent entry into waterways, sewers,
basements or confined areas. Cover with plastic sheet to prevent spreading. Absorb or
cover with dry earth, sand or other non-combustible material and transfer to containers.
DO NOT GET WATER INSIDE CONTAINERS. For solids, prevent dust cloud and avoid
inhalation of dust. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Chloroform-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact. Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent
eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET OR CONTAMINATED - Work clothing that becomes wet or significantly
contaminated should be removed and replaced.

First Aid

Signs and Symptoms of Chloroform Exposure: Signs and symptoms of acute exposure to
chloroform vapor may include conjunctivitis and blepharospasm (twitching of the eyelid).
Burning pain and corneal epithelium injury may occur from chloroform liquid splashed in
the eye. Acute exposure may also lead to respiratory depression, chemical pneumonitis,
pulmonary edema, metabolic acidosis, central nervous system depression, headache,
fatigue, and dizziness. Gastrointestinal signs and symptoms include nausea, vomiting,
salivation, anorexia, and gastrointestinal irritation. Cardiac arrhythmias and cardiac arrest
have been reported.

Emergency Life-Support Procedures: Acute exposure to chloroform may require
decontamination and life support for the victims. Emergency personnel should wear
protective clothing appropriate to the type and degree of contamination. Air-purifying or
supplied-air respiratory equipment should also be worn, as necessary. Rescue vehicles
should carry supplies such as plastic sheeting and disposable plastic bags to assist in
preventing spread of contamination.

Inhalation Exposure:
Move victims to fresh air. Emergency personnel should avoid self-exposure to chloroform.

Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is
detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored,
administer oxygen or other respiratory support.

Obtain authorization and/or further instructions from the local hospital for performance of
invasive procedures.

Transport to a health care facility.
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Dermal/ Eye Exposure:

Remove victims from exposure. Emergency personnel should avoid self-exposure to
chloroform.

Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is
detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored,
administer oxygen or other respiratory support.

Remove and isolate contaminated clothing as soon as possible.

If eye exposure has occurred, eyes must be flushed with lukewarm water for at least 30
minutes.

Wash exposed skin areas thoroughly with water.

Obtain authorization and/or further instructions from the local hospital for performance of
other invasive procedures.

Transport to a health care facility.
Ingestion Exposure:

Evaluate vital signs including pulse and respiratory rate, and note any trauma. If no pulse is
detected, provide CPR. If not breathing, provide artificial respiration. If breathing is labored,
administer oxygen or other respiratory support.

DO NOT induce vomiting.

Obtain authorization and/or further instructions from the local hospital for administration of
an antidote or performance of other invasive procedures.

Activated charcoal may be administered if victims are conscious and alert. Use 15 to 30 g
(1/2 to 1 oz) for children, 50 to 100 g (1-3/4 to 3-1/2 oz) for adults, with 125 to 250 mL (1/2
to 1 cup) of water.

Promote excretion by administering a saline cathartic or sorbitol to conscious and alert
victims. Children require 15 to 30 g (1/2 to 1 oz) of cathartic; 50 to 100 g (1-3/4 to 3-1/2 0z)
is recommended for adults.

Transport to a health care facility. (EPA, 1998)

Ship’s Response

Do not close, spill or leak area for at least 25 meters (75 feet) in all directions.
Approach from windward direction.
Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B8 — Vinyl Chloride FLAMMABLE

GAS

CAS Number 75-01-4 UN/NA Number 1086

DOT Hazard Label |Flammable gas USCG CHRIS Code |VCM

Chemical Formula |C2H3C Flash Point -110°F (NTP, 1992)
Lower Explosive Upper Explosive

3.6 % (USCG, 1999) 33 % (USCG, 1999)

Limit (LEL) Limit (UEL)
Autoignition 882°F (USCG, 1999) |Melting Point -245°F (NTP, 1992)
Temperature
Vapor Pressure 3877.5 mmHg Vapor Density I2—|.§a11v(i:rl(t)hsa:,azirq 2W4I?|
P (USCG, 1999) (Relative to Air) sink ’
0.969 at 8.6°F
Specific Gravity (USCG, 1999) - Less Boiling Point 7°F at 760 mmHg

dense than water;
will float

(NTP, 1992)

Molecular Weight |62.5 (NTP, 1992) | Water Solubility | >'9ntly soluble (NTP,

1992)

A potential
lonization Energy/ |9.99 eV (NIOSH, IDLH occupational
Potential 2024) carcinogen. (NIOSH,

2024)

Exposure Period |AEGL-1 AEGL-2 AEGL-3
10 minutes 450 ppm 2800 ppm 12000 ppm
AEGLs :
(Acute E 30 minutes 310 ppm 1600 ppm 6800 ppm
cute Exposure :
60 t 250 1200 4800
Guideline Levels) minties PP PP PP
4 hours 140 ppm 820 ppm 3400 ppm
8 hours 70 ppm 820 ppm 3400 ppm
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. Diamond | Hazard | Value | Description

@ Health » i Can cause temporary incapacitation or
residual injury.

‘ Flammability Burns readily.. Rapidly or completely vapo.rizes
4 at atmospheric pressure and normal ambient

temperature.
<> Instability 5 Readily undergoes violent chemical changes

at elevated temperatures and pressures.

‘ Special

General Description

A colorless gas with a sweet odor. Easily ignited. Shipped as a liquefied gas under own
vapor pressure. Contact with the unconfined liquid may cause frostbite by evaporative
cooling. Leaks may be liquid or vapor. Vapors are heavier than air. May asphyxiate by the
displacement of air. Under prolonged exposure to fire or intense heat the containers may
rupture violently and rocket. Suspected carcinogen. Used to make plastics, adhesives, and
other chemicals.

Hazards
Reactivity Alerts Highly Flammable, Polymerizable and Peroxidizable Compound
Air & Water Highly flammable. Forms polymeric peroxides that are explosive
Reactions [Bretherick 1979. p. 164].

Special Hazards of Combustion Products: Forms highly toxic
combustion products such as hydrogen chloride, phosgene, and

carbon monoxide.
Fire Hazard L . o ) .
Behavior in Fire: Container may explode in fire. Gas is heavier than

air and may travel considerable distance to a source of ignition and
flash back. (USCG, 1999)

NHALATION: high concentrations cause dizziness, anesthesia,
lung irritation. SKIN: may cause frostbite; phenol inhibitor may be
absorbed through skin if large amounts of liquid evaporate. (USCG,
1999)

Health Hazard

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 116 [Gases - Flammable (Unstable);
polymerization hazard]:

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 100
meters (330 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 800 meters (1/2 mile).
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Firefighting — Excerpt from ERG Guide 116 [Gases - Flammable (Unstable); polymerization
hazard]:

DO NOT EXTINGUISH A LEAKING GAS FIRE UNLESS LEAK CAN BE STOPPED.
SMALL FIRE: Dry chemical or COZ2.

LARGE FIRE: Water spray or fog. If it can be done safely, move undamaged containers
away from the area around the fire.

Non-Fire Response — Excerpt from ERG Guide 116 [Gases - Flammable (Unstable);
polymerization hazard]:

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Stop leak if you can do
it without risk. Do not touch or walk through spilled material. Do not direct water at spill or
source of leak. Use water spray to reduce vapors or divert vapor cloud drift. Avoid allowing
water runoff to contact spilled material. If possible, turn leaking containers so that gas
escapes rather than liquid. Prevent entry into waterways, sewers, basements or confined
areas. Isolate area until gas has dispersed. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Vinyl chloride:-

Skin: FROSTBITE - Compressed gases may create low temperatures when they expand
rapidly. Leaks and uses that allow rapid expansion may cause a frostbite hazard. Wear
appropriate personal protective clothing to prevent the skin from becoming frozen.

Eyes: FROSTBITE - Wear appropriate eye protection to prevent eye contact with the liquid
that could result in burns or tissue damage from frostbite.

Wash skin: No recommendation is made specifying the need for washing the substance
from the skin (either immediately or at the end of the work shift).

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

First Aid

YES: First check the victim for contact lenses and remove if present. Flush victim’s eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center. Do not put any ointments, oils, or medication in the victim’s
eyes without specific instructions from a physician. IMMEDIATELY transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irritation) develop.

SKIN: CAUTION: Exposure of skin to compressed gases may result in freezing of the
skin. Treatment for frostbite may be necessary. Remove the victim from the source of
contamination. IMMEDIATELY wash affected areas gently with COLD water (and soap, if
necessary) while removing and isolating all contaminated clothing. Dry carefully with clean,
soft towels. If symptoms such as inflammation or irritation develop, IMMEDIATELY call a
physician or go to a hospital for treatment.
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INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
IMMEDIATELY call a physician and be prepared to transport the victim to a hospital even if
no symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop. Provide proper respiratory protection to rescuers entering an
unknown atmosphere. Whenever possible, Self-Contained Breathing Apparatus (SCBA)
should be used; if not available, use a level of protection greater than or equal to that
advised under Protective Clothing.

INGESTION: This compound is a gas, therefore inhalation is the first route of exposure.

OTHER: Since this chemical is a known or suspected carcinogen you should contact
a physician for advice regarding the possible long term health effects and potential
recommendation for medical monitoring. Recommendations from the physician will depend
upon the specific compound, its chemical, physical and toxicity properties, the exposure
level, length of exposure, and the route of exposure. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 100 meters (330 feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B9 - Condensates

FLAMMABLE

8006-61-9

CAS Number UN/NA Number 1203
86290-81-5

DOT Hazard Label |Flammable Liquid USCG CHRIS Code |GAT

Specific Gravity

dense than water;
will float

Boiling Point

Chemical Formula [NA Flash Point -36°F (USCG, 1999)
Lower Explosive o Upper Explosive o
Limit (LEL) 1.4 % (USCG, 1999) Limit (UEL) 7.4 % (USCG, 1999)
Autoignition 853°F (USCG, 1999) |Melting Point NA
Temperature

382.58 mmHg Vapor Density
Vapor Pressure 1,506, 1999) (Relative to Air) NA

0.7321 at 68°F

(USCG, 1999) - Less 140 to 390°F at 760

mmHg (USCG, 1999)

Molecular Weight

110 (approx)
(NIOSH, 2024)

Water Solubility

Insoluble (NIOSH,
2024)

lonization Energy/
Potential

NA

IDLH

A potential
occupational
carcinogen. (NIOSH,
2024)

AEGLs

(Acute Exposure Guideline Levels)

No AEGL information available.

. Diamond | Hazard Value: Description
@ Health 1 i Can cause significant irritation.
Flammability 3 g?pt;?aiﬁ]ﬂiete:ozgﬁi%rnzl.most all ambient
<> Instability 0 iNormally stable, even under fire conditions
‘ Special i
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General Description

A clear colorless to amber colored, volatile liquid with a petroleum-like odor. Flash point
below 0°F. Less dense than water and insoluble in water. Hence floats on water. Vapors
heavier than air. Leaked vapors may travel to a source of ignition and then flash back to the
source.

Hazards
Reactivity Alerts Highly Flammable
Air & Water .
Reactions Highly Flammable
Special Hazards of Combustion Products: None
Fire Hazard Behavior in Fire: Vapor is heavier than air and may travel considerable

distance to a source of ignition and flash back. (USCG, 1999)

Irritation of mucous membranes and stimulation followed by
depression of central nervous system. Breathing of vapor may also
cause dizziness, headache, and incoordination or, in more severe
Health Hazard cases, anesthesia, coma, and respiratory arrest. If liquid enters lungs,
it will cause severe irritation, coughing, gagging, pulmonary edema,
and, later, signs of bronchopneumonia and pneumonitis. Swallowing
may cause irregular heartbeat. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 128 [Flammable Liquids (Water-
Immiscible)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

FIRE: If tank, rail tank car or highway tank is involved in a fire, ISOLATE for 800 meters
(1/2 mile) in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all
directions. (ERG, 2024)

Firefighting —Excerpt from ERG Guide 128 [Flammable Liquids (Water-Immiscible)]:-
CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient. CAUTION: For mixtures containing alcohol or polar
solvent, alcohol-resistant foam may be more effective.

SMALL FIRE: Dry chemical, CO,, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,
use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire.
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Non-Fire Response—Excerptfrom ERG Guide 128 [Flammable Liquids (Water-Immiscible)]:-
ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Gasoline:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

First Aid - Excerpt from NIOSH Pocket Guide for Gasoline:-

Eye: IRRIGATE IMMEDIATELY - If this chemical contacts the eyes, immediately wash
(irrigate) the eyes with large amounts of water, occasionally lifting the lower and upper lids.
Get medical attention immediately.

Skin: SOAP FLUSH IMMEDIATELY - If this chemical contacts the skin, immediately
flush the contaminated skin with soap and water. If this chemical penetrates the clothing,
immediately remove the clothing and flush the skin with water. If irritation persists after
washing, get medical attention.

Breathing: RESPIRATORY SUPPORT - If a person breathes large amounts of this
chemical, move the exposed person to fresh air at once. If breathing has stopped, perform
artificial respiration. Keep the affected person warm and at rest. Get medical attention as
soon as possible.

Swallow: MEDICALATTENTION IMMEDIATELY - If this chemical has been swallowed, get
medical attention immediately. (NIOSH, 2024)

Ship’s Response

Do not close, spill or leak area for at least 300 meters (1000 feet) in all directions.
Approach from windward direction.
Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B10 - Dimethyl Sulphide

FLAMMABLE

CAS Number 75-18-3 UN/NA Number 1164

DOT Hazard Label |Flammable Liquid USCG CHRIS Code |DSL

Chemical Formula |C2H6S Flash Point -36°F (USCG, 1999)
Lower Explosive _ago Upper Explosive _ago

Limit (LEL) 36°F (USCG, 1999) Limit (UEL) 36°F (USCG, 1999)
Autoignition 403°F (USCG, 1999) | Melting Point 403°F (USCG, 1999)
Temperature

Vapor Density

Vapor Pressure

NA

(Relative to Air)

NA

Specific Gravity

0.85 at 68°F (USCG,
1999) - Less dense
than water; will float

Boiling Point

0.85 at 68°F (USCG,
1999) - Less dense
than water; will float

0.85 at 68°F (USCG,

Molecular Weight |1999) - Less dense | Water Solubility NA
than water; will float
lonization Energy/ NA IDLH NA

Potential

AEGLs

(Acute Exposure Guideline Levels)

No AEGL information available.

.........

. Diamond | Hazard ' Value | Description

‘ Health o Cap cause temporary incapacitation or
residual injury.

‘ Flammability Burns readlly: Rapidly or completely vaporizes

4 at atmospheric pressure and normal ambient

temperature.

<> Instability 0 Normally stable, even under fire conditions.

‘ Special

General Description

A clear colorless to straw colored liquid with a disagreeable odor. Flash point less than 0°F.
Less dense than water and slightly soluble in water. Vapors are heavier than air.
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Hazards

Reactivity Alerts Highly Flammable

Air & Water , _ .
Reactions Highly flammable. Slightly soluble in water.
Special Hazards of Combustion Products: Toxic and irritating sulfur
dioxide is formed.
Fire Hazard

Behaviorin Fire: Vapor is heavier than airand may travel considerable
distance to source of ignition and flash back. (USCG, 1999)

Inhalation causes moderate irritation of upper respiratory system.
Contact of liquid with eyes causes moderate irritation. Repeated
contact with skin may extract oils and result in irritation. Ingestion
causes nausea and irritation of mouth and stomach. (USCG, 1999)

Health Hazard

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 130 [Flammable Liquids (Water-
Immiscible / Noxious)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

Firefighting — Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible /
Noxious)]:-

CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient.

SMALL FIRE: Dry chemical, CO2, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,
use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire.

Non-Fire Response — Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible
/ Noxious)]:-

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)
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Protective Clothing -

Respirator with organic vapor canister; rubber or plastic gloves; goggles or face shield.
(USCG, 1999)

First Aid

INHALATION: move victim to fresh air at once; enforce rest, and keep warm; get medical
attention immediately.

EYES: flush with water for at least 15 min.; if irritation persists, get medical attention.
SKIN: flush with plenty of water and wash thoroughly; get treatment for any lasting irritation.

INGESTION: if large amounts are swallowed, induce vomiting by tickling the back of the
throat with the finger or by giving an emetic such as two tablespoons of common salt in a
glass of warm water; get medical attention. (USCG, 1999)

Ship’s Response

Do not close, spill or leak area for at least 50 meters (150 feet) in all directions.
Approach from windward direction.
Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B11 - Unleaded Gasoline (same as Condensates)

FLAMMABLE

8006-61-9

CAS Number UN/NA Number 1203
86290-81-5

DOT Hazard Label |Flammable Liquid USCG CHRIS Code |GAT

(USCG, 1999)

(Relative to Air)

Chemical Formula [NA Flash Point -36°F (USCG, 1999)
Lower Explosive o Upper Explosive o

Limit (LEL) 1.4 % (USCG, 1999) Limit (UEL) 7.4 % (USCG, 1999)
Autoignition 853°F (USCG, 1999) |Melting Point NA

Temperature

Vapor Pressure 382.58 mmHg Vapor Density NA

Specific Gravity

0.7321 at 68°F
(USCG, 1999) - Less
dense than water;
will float

Boiling Point

140 to 390°F at 760
mmHg (USCG, 1999)

Molecular Weight

110 (approx)
(NIOSH, 2024)

Water Solubility

Insoluble (NIOSH,
2024)

lonization Energy/
Potential

NA

IDLH

A potential
occupational
carcinogen. (NIOSH,
2024)

AEGLs

(Acute Exposure Guideline Levels)

No AEGL information available.

. Diamond | Hazard Value| Description
‘ Health 1 iCan cause significant irritation.
@ Flammability 3 Can be ignited under almost all ambient
temperature conditions.
<> Instability o Normally stable, even under fire conditions
¢ Special i
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General Description

A clear colorless to amber colored, volatile liquid with a petroleum-like odor. Flash point
below 0°F. Less dense than water and insoluble in water. Hence floats on water. Vapors
heavier than air. Leaked vapors may travel to a source of ignition and then flash back to the
source.

Hazards
Reactivity Alerts Highly Flammable
Air & Water .
Reactions Highly Flammable
Special Hazards of Combustion Products: None
Fire Hazard Behavior in Fire: Vapor is heavier than air and may travel considerable

distance to a source of ignition and flash back. (USCG, 1999)

Irritation of mucous membranes and stimulation followed by
depression of central nervous system. Breathing of vapor may also
cause dizziness, headache, and incoordination or, in more severe
Health Hazard cases, anesthesia, coma, and respiratory arrest. If liquid enters lungs,
it will cause severe irritation, coughing, gagging, pulmonary edema,
and, later, signs of bronchopneumonia and pneumonitis. Swallowing
may cause irregular heartbeat. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 128 [Flammable Liquids (Water-
Immiscible)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

FIRE: If tank, rail tank car or highway tank is involved in a fire, ISOLATE for 800 meters
(1/2 mile) in all directions; also, consider initial evacuation for 800 meters (1/2 mile) in all
directions. (ERG, 2024)

Firefighting —Excerpt from ERG Guide 128 [Flammable Liquids (Water-Immiscible)]:-

CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient. CAUTION: For mixtures containing alcohol or polar
solvent, alcohol-resistant foam may be more effective.

SMALL FIRE: Dry chemical, CO2, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,
use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire.
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Non-Fire Response—Excerptfrom ERG Guide 128 [Flammable Liquids (Water-Immiscible)]:-
ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Gasoline:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

First Aid - Excerpt from NIOSH Pocket Guide for Gasoline:-

Eye: IRRIGATE IMMEDIATELY - If this chemical contacts the eyes, immediately wash
(irrigate) the eyes with large amounts of water, occasionally lifting the lower and upper lids.
Get medical attention immediately.

Skin: SOAP FLUSH IMMEDIATELY - If this chemical contacts the skin, immediately
flush the contaminated skin with soap and water. If this chemical penetrates the clothing,
immediately remove the clothing and flush the skin with water. If irritation persists after
washing, get medical attention.

Breathing: RESPIRATORY SUPPORT - If a person breathes large amounts of this
chemical, move the exposed person to fresh air at once. If breathing has stopped, perform
artificial respiration. Keep the affected person warm and at rest. Get medical attention as
soon as possible.

Swallow: MEDICALATTENTION IMMEDIATELY - If this chemical has been swallowed, get
medical attention immediately. (NIOSH, 2024)

Ship’s Response

Do not close, spill or leak area for at least 300 meters (1000 feet) in all directions.
Approach from windward direction.
Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B12 - Sodium Hydroxide 50 % Solution

CORROSIVE

CAS Number 1310-73-2 UN/NA Number 1824

DOT Hazard Label |Corrosive USCG CHRIS Code |CSS

Chemical Formula [ NAOH Flash Point NA

Lower Explosive NA Upper Explosive NA

Limit (LEL) Limit (UEL)

Autoignition Not Flammable Melting Point NA

Temperature

Vapor Pressure NA Vapor Density NA
(Relative to Air)

Specific Gravity

1.5 at 68°F (USCG,
1999) - Denser than
water; will sink

266°F at 760 mmHg
(USCG, 1999)

Boiling Point

Molecular Weight

NA

Water Solubility NA

lonization Energy/
Potential

NA

IDLH 10mg/m3

No AEGL information available.

Normally stable but can become unstable at
elevated temperatures and pressures.

AEGLs
(Acute Exposure Guideline Levels)
. Diamond Hazérd ' Value |
@ Health 3
@ Flammability 0
< Instability 1
_ ‘ Special

General Description

A colorless liquid. More dense than water. Contact may severely irritate skin, eyes, and
mucous membranes. Toxic by ingestion. Corrosive to metals and tissue.

Hazards
Reactivity Alerts None
Air & Water Slowly absorbs carbon dioxide from the air to give solid products
Reactions as crusts or precipitates. Water soluble. Dilution with water liberates

heat, possibly enough to cause local boiling and spattering.
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Fire Hazard Non-combustible, substance itself does not burn but may decompose
upon heating to produce corrosive and/or toxic fumes. Some are
oxidizers and may ignite combustibles (wood, paper, oil, clothing,
etc.). Corrosives in contact with metals may evolve flammable
hydrogen gas. Containers may explode when heated. For electric
vehicles or equipment, ERG Guide 147 (lithium ion or sodium ion
batteries) or ERG Guide 138 (sodium batteries) should also be
consulted. (ERG, 2024)

Health Hazard Causes severe burns of eyes, skin, and mucous membranes.
(USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 154 [Substances - Toxic and/or
Corrosive (Non-Combustible)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area in all directions for at
least 50 meters (150 feet) for liquids and at least 25 meters (75 feet) for solids.

SPILL: Increase the immediate precautionary measure distance, in the downwind direction,
as necessary.

Firefighting — Excerpt from ERG Guide 154 [Substances - Toxic and/or Corrosive (Non-
Combustible)]:-

SMALL FIRE: Dry chemical, CO2 or water spray.

LARGE FIRE: Dry chemical, CO2, alcohol-resistant foam or water spray. If it can be done
safely, move undamaged containers away from the area around the fire. Dike runoff from
fire control for later disposal.

Non-Fire Response — Excerpt from ERG Guide 154 [Substances - Toxic and/or Corrosive
(Non-Combustible)]:

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
Do not touch damaged containers or spilled material unless wearing appropriate protective
clothing. Stop leak if you can do it without risk. Prevent entry into waterways, sewers,
basements or confined areas. Absorb or cover with dry earth, sand or other non-combustible
material and transfer to containers.

DO NOT GET WATER INSIDE CONTAINERS. (ERG, 2024)

Protective Clothing -

Wide-brimmed hat; safety goggles with rubber side shields; tight-fitting cotton clothing;
rubber gloves under shirt cuffs; rubber boots and apron. (USCG, 1999)

First Aid
EYES: flush with water at once for at least 15 min.
SKIN: flush with water, then rinse with dilute vinegar (acetic acid).

INGESTION: give water and milk. Do NOT induce vomiting. Call physician at once, even
when injury seems to be slight. (USCG, 1999)
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Ship’s Response

Do not close, spill or leak area for at least 25 meters (75 feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B13 - Stabilised Methyl Methacrylate

FLAMMABLE

CAS Number 80-62-6 UN/NA Number 1247
DOT Hazard Label Flammable Liquid [USCG CHRIS MMM
Code
Chemical Formula |C5H802 Flash Point 50°F (NTP, 1992)
Lower Explosive o Upper Explosive o
Limit (LEL) 2.1 % (NTP, 1992) Limit (UEL) 12.5 % (NTP, 1992)

Autoignition

790°F (USCG,

Melting Point

-54°F (NTP, 1992)

Temperature 1999)
Vapor Pressure 40 mmHg at 77.9°F | Vapor Density ﬁ:fasv(iglr-rti,algagi?v-vill
P (NTP, 1992) (Relative to Air) ’

sink

Specific Gravity

0.945 at 68°F
(USCG, 1999) -
Less dense than
water; will float

Boiling Point

213.8°F at 760 mmHg
(NTP, 1992)

1 to 10 mg/mL at 63.5°F

Molecular Weight [100.12 (NTP, 1992) | Water Solubility (NTP, 1992)
lonization Energy/ |.70 eV (NIOSH, IDLH 1000 ppm (NIOSH,
Potential 2024) 2024
Exposure Period |AEGL-1 AEGL-2 AEGL-3
AEGLs 10 minutes 17 ppm 150 ppm 720 ppm
30 minutes 17 ppm 150 ppm 720 ppm
(Ac_ute_Exposure 60 minutes 17 ppm 120 ppm 570 ppm
Guideline Levels) |7 17 ppm 76 ppm 360 ppm
8 hours 17 ppm 50 ppm 180 ppm
| Diamond |  Hazard  iValue: _____ Description
‘ Health 2 1 Can cause temporary incapacitation or
________________________ iresidualinjury. L.
‘ Flammabilit 3 1 Can be ignited under almost all ambient
_____ y...........________iI?!T_‘P_‘?r_%t}!E‘?.‘E?D.qi_“_QU_S_-_______________________
<> Instabilit 2 1 Readily undergoes violent chemical changes
_____ Y ionoo.._.iat elevated temperatures and pressures.
‘ Special : ________________________________________________
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General Description

A clear colorless liquid. Slightly soluble in water and floats on water. Vapors heavier than
air. Vapors irritate the eyes and respiratory system. Containers must be heavily insulated or
shipped under refrigeration. An inhibitor such as hydroquinone, hydroquinone methyl ester
and dimethyl t-butylphenol is added to keep the chemical from initiating polymerization.
The chemical may polymerize exothermically if heated or contaminated with strong acid
or base. If the polymerization takes place inside a container, the container may rupture
violently. Used to make plastics.

Hazards

Reactivity Alerts Highly Flammable, Polymerizable and Peroxidizable Compound

Air & Water

Reactions Highly flammable. Very slightly soluble in water.

BehaviorinFire: Vaporis heavierthanairand may travelaconsiderable
distance to a source of ignition and flash back. Containers may
explode in fire or when heated because of polymerization. (USCG,
1999)

Fire Hazard

Irritation of eyes, nose, and throat. Nausea and vomiting. Liquid may

Health Hazard cause skin irritation. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 129 [Flammable Liquids (Water-
Miscible/ Noxious); polymerization hazard]:

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

Firefighting — Excerpt from ERG Guide 129 [Flammable Liquids (Water-Miscible/ Noxious);
polymerization hazard]:

CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient.

SMALL FIRE: Dry chemical, CO,, water spray or alcohol-resistant foam. Do not use dry
chemical extinguishers to control fires involving nitromethane (UN1261) or nitroethane
(UN2842).

LARGE FIRE: Water spray, fog or alcohol-resistant foam. Avoid aiming straight or solid
streams directly onto the product. If it can be done safely, move undamaged containers
away from the area around the fire.

Non-Fire Response — Except from ERG Guide 129 [Flammable Liquids (Water-Miscible/
Noxious); polymerization hazard]:

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas.
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sand or other non-combustible material and transfer to containers. Use clean, non-sparking
tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for Methyl methacrylate:

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.

Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

First Aid

EYES: First check the victim for contact lenses and remove if present. Flush victim’s eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center. Do not put any ointments, oils, or medication in the victim’s
eyes without specific instructions from a physician. IMMEDIATELY transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irritation) develop.

SKIN: IMMEDIATELY flood affected skin with water while removing and isolating all
contaminated clothing. Gently wash all affected skin areas thoroughly with soap and water.
IMMEDIATELY call a hospital or poison control center even if no symptoms (such as
redness or irritation) develop. IMMEDIATELY transport the victim to a hospital for treatment
after washing the affected areas.

INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
If symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop, call a physician and be prepared to transport the victim to a
hospital. Provide proper respiratory protection to rescuers entering an unknown atmosphere.
Whenever possible, Self-Contained Breathing Apparatus (SCBA) should be used; if not
available, use a level of protection greater than or equal to that advised under Protective
Clothing.

INGESTION: DONOT INDUCE VOMITING. Corrosive chemicals will destroy the membranes
of the mouth, throat, and esophagus and, in addition, have a high risk of being aspirated
into the victim’s lungs during vomiting which increases the medical problems. If the victim
is conscious and not convulsing, give 1 or 2 glasses of water to dilute the chemical and
IMMEDIATELY call a hospital or poison control center. IMMEDIATELY transport the victim
to a hospital. If the victim is convulsing or unconscious, do not give anything by mouth,
ensure that the victim’s airway is open and lay the victim on his/ her side with the head
lower than the body. DO NOT INDUCE VOMITING. Transport the victim IMMEDIATELY to
a hospital. (NTP, 1992)
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ensure that the victim’s airway is open and lay the victim on his/her side with the head
lower than the body. DO NOT INDUCE VOMITING. Transport the victim IMMEDIATELY to

a hospital. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 300 meters (1000 feet) in all directions.

Approach from windward direction.
Shut down ventilation.
Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B14 - Methyl Ethyl Ketone FLAMMABLE

CAS Number 78-93-3 UN/NA Number 1193

DOT Hazard Label |Flammable Liquid USCG CHRIS Code |MEK

Chemical Formula [C4H80 Flash Point 26°F (NTP, 1992)
Lower Explosive Upper Explosive

1.8 % (NTP, 1992) 10 % (NTP, 1992)

Limit (LEL) Limit (UEL)
Autoignition 961°F (USCG, 1999) |Melting Point 123.3°F (NTP, 1992)
Temperature

77.5mmHg at 68°F [\ o 2.42 (NTP, 1992) -

Vapor Pressure 100 mmHg at 77.0°F Heavier than air; will

(Relative to Air)

(NTP, 1992) sink
0.806 at 68°F
- . (USCG, 1999) - Less - . 175.3°F at 760
Specific Gravity dense than water; Boiling Point mmHg (NTP, 1992)
will float

greater than or equal
Molecular Weight |[72.11 (NTP, 1992) Water Solubility to 100 mg/mL at 66°F
(NTP, 1992)

lonization Energy/ |9.54 eV (NIOSH, 3000 ppm (NIOSH,

Potential 2024) IDLH 2024)
Exposure Period |AEGL-1 AEGL-2 AEGL-3
AEGL 10 minutes 200 ppm 4900 ppm 10000 ppm
A tsE 30 minutes 200 ppm 3400 ppm 10000 ppm
cute Exposure :
Guideline Levels) 60 minutes 200 ppm 2700 ppm 4000 ppm
4 hours 200 ppm 1700 ppm 2500 ppm
8 hours 200 ppm 1700 ppm 2500 ppm
Diamond | Hazard ' Value | Description
‘ Health | 1 Can cause significant irritation.
‘ Flammability 3 Can be ignited undgr almost all ambient
__________ temperature conditions.
<> Instability 0 Norma_llly stable, even under fire
__________ conditions.
‘ Special
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General Description

Colorless fairly volatile liquid with a pleasant pungent odor. Flash point 20°F. Vapors
heavier than air. Does not react with water or many common materials. Stable in normal
transportation. Irritates the nose, eyes, and throat. Combustion may produce toxic materials.
Density 6.7 Ib/ gal. Used as a solvent, for making other chemicals, and for production of
wax from petroleum.

Hazards

Reactivity Alerts Highly Flammable

Air & Water

Reactions Highly flammable. Soluble in water.

HIGHLY FLAMMABLE: Will be easily ignited by heat, sparks or flames.
CAUTION: Ethanol (UN1170) can burn with an invisible flame. Use
an alternate method of detection (thermal camera, broom handle,
etc.) Vapors may form explosive mixtures with air. Vapors may travel
to source of ignition and flash back. Most vapors are heavier than
Fire Hazard air. They will spread along the ground and collect in low or confined
areas (sewers, basements, tanks, etc.). Vapor explosion hazard
indoors, outdoors or in sewers. Those substances designated with
a (P) may polymerize explosively when heated or involved in a fire.
Runoff to sewer may create fire or explosion hazard. Containers may
explode when heated. Many liquids will float on water. (ERG, 2024)

Liquid causes eye burn. Vapor irritates eyes, nose, and throat;
Health Hazard can cause headache, dizziness, nausea, weakness, and loss of
consciousness. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 127 [Flammable Liquids (Water-
Miscible)]:-

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

Firefighting — Excerpt from ERG Guide 127 [Flammable Liquids (Water-Miscible)]:-

CAUTION: The majority of these products have a very low flash point. Use of water spray when
fighting fire may be inefficient. CAUTION: For fire involving UN1170, UN1987 or UN3475,
alcohol-resistant foam should be used.

CAUTION: Ethanol (UN1170) can burn with an invisible flame. Use an alternate method of
detection (thermal camera, broom handle, etc.).

SMALL FIRE: Dry chemical, CO2, water spray or alcohol-resistant foam.

LARGE FIRE: Water spray, fog or alcohol-resistant foam. Avoid aiming straight or solid
streams directly onto the product. If it can be done safely, move undamaged containers
away from the area around the fire.
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Non-Fire Response — Excerpt from ERG Guide 127 [Flammable Liquids (Water-Miscible)]:-

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from NIOSH Pocket Guide for 2-Butanone:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.
Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

Change: No recommendation is made specifying the need for the worker to change clothing
after the workshift.

Provide: EYEWASH - Eyewash fountains should be provided in areas where there is any
possibility that workers could be exposed to the substances; this is irrespective of the
recommendation involving the wearing of eye protection. (NIOSH, 2024)

First Aid

EYES: First check the victim for contact lenses and remove if present. Flush victim’s eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center. Do not put any ointments, oils, or medication in the victim’s
eyes without specific instructions from a physician. IMMEDIATELY transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irritation) develop.

SKIN: IMMEDIATELY flood affected skin with water while removing and isolating all
contaminated clothing. Gently wash all affected skin areas thoroughly with soap and water.
If symptoms such as redness or irritation develop, IMMEDIATELY call a physician and be
prepared to transport the victim to a hospital for treatment.

INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
If symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop, call a physician and be prepared to transport the victim to a
hospital. Provide proper respiratory protection to rescuers entering an unknown atmosphere.
Whenever possible, Self-Contained Breathing Apparatus (SCBA) should be used; if not
available, use a level of protection greater than or equal to that advised under Protective
Clothing.
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INGESTION: DO NOT INDUCE VOMITING. Volatile chemicals have a high risk of being
aspirated into the victim’s lungs during vomiting which increases the medical problems. If
the victim is conscious and not convulsing, give 1 or 2 glasses of water to dilute the chemical
and IMMEDIATELY call a hospital or poison control center. IMMEDIATELY transport the
victim to a hospital. If the victim is convulsing or unconscious, do not give anything by
mouth, ensure that the victim’s airway is open and lay the victim on his/her side with the
head lower than the body. DO NOT INDUCE VOMITING. IMMEDIATELY transport the
victim to a hospital. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 300 meters (1000 feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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&

B15 - Styrene FLAMMABLE
3
CAS Number 100-42-5 UN/NA Number 2055
DOT Hazard Label |Flammable Liquid USCG CHRIS Code |STY

Chemical Formula

C8H8

Flash Point

88°F (NTP, 1992)

Lower Explosive
Limit (LEL)

1.1 % (NTP, 1992)

Upper Explosive
Limit (UEL)

6.1 % (NTP, 1992)

Autoignition
Temperature

914°F (USCG, 1999)

Melting Point

-24 to -23°F (NTP,
1992)

4.3 mmHg at 59°F ;

Specific Gravity

dense than water;
will float

Boiling Point

9.5 mmHg at 86°F; Vapor Density
VaporPressure | | mHgat95°F | (Relative to Air) NA
(NTP, 1992)
0.906 at 68°F
(USCG, 1999) - Less 293 to 295°F at 760

mmHg (NTP, 1992)

less than 1 mg/mL at

Molecular Weight |[104.16 (NTP, 1992) [Water Solubility 66°F (NTP, 1992)
lonization Energy/ |8.40 eV (NIOSH, IDLH 700 ppm (NIOSH,
Potential 2024) 2024)
Exposure Period |AEGL-1 AEGL-2 AEGL-3
0 minsies 120 ppm | 160 ppm 1500 ppm
inut
(Acute Exposure m!nu €s L ppm ppm
Guideline Level 60 minutes 20 ppm 130 ppm 1100 ppm
uideline Levels) 4 hours 20 ppm 130 ppm 340 ppm
8 hours 20 ppm 130 ppm 340 ppm
| Diamond | Hazard  iValue! ____ Description
@ Health » 1 Can cause temporary incapacitation or
I S sresidualinjury. . :
‘ Flammability 3 1 Can be ignited unqgr almost all ambient :
I S s temperature conditions. . :
<> Instability 2 | Readily undergoes violent chemical changes i
R S ;at elevated temperatures and pressures. :
‘ Special _::
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General Description

A clear colorless to dark liquid with an aromatic odor. Vapors heavier than air and irritating
to the eyes and mucous membranes. Subject to polymerization. If the polymerization takes
place inside a closed container, the container may rupture violently. Less dense than water
and insoluble in water. Used to make plastics, paints, and synthetic rubber.

Hazards

Reactivity Alerts Highly Flammable, Polymerizable and Peroxidizable Compound

Air & Water

Reactions Highly flammable. Insoluble in water.

Behaviorin Fire: Vapor is heavier than air and may travel considerable
distance to a source of ignition and flash back. At elevated
temperatures such as in fire conditions, polymerization may take
place which may lead to container explosion. (USCG, 1999)

Fire Hazard

Moderate irritation of eyes and skin. High vapor concentrations cause

Health Hazard dizziness, drunkeness, and anesthesia. (USCG, 1999)

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 128 [Flammable Liquids (Water-
Immiscible); polymerization hazard]:-

MMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).

Firefighting — Excerpt from ERG Guide 128 [Flammable Liquids (Water-Immiscible);
polymerization hazard]:-

CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient. CAUTION: For mixtures containing alcohol or polar
solvent, alcohol-resistant foam may be more effective.

SMALL FIRE: Dry chemical, CO2, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,
use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire.

Non-Fire Response —Excerptfrom ERG Guide 128 [Flammable Liquids (Water-Immiscible);
polymerization hazard]:

CAUTION: The maijority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient. CAUTION: For mixtures containing alcohol or polar
solvent, alcohol-resistant foam may be more effective.

SMALL FIRE: Dry chemical, CO2, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,

Response Guidance to HNS Spill at Sea



134

use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire.

Protective Clothing - Excerpt from NIOSH Pocket Guide for Styrene:-

Skin: PREVENT SKIN CONTACT - Wear appropriate personal protective clothing to prevent
skin contact.

Eyes: PREVENT EYE CONTACT - Wear appropriate eye protection to prevent eye contact.
Wash skin: WHEN CONTAMINATED - The worker should immediately wash the skin when
it becomes contaminated.

Remove: WHEN WET (FLAMMABLE) - Work clothing that becomes wet should be
immediately removed due to its flammability hazard (i.e., for liquids with a flash point
<100°F).

Change: No recommendation is made specifying the need for the worker to change clothing
after the workshift. (NIOSH, 2024)

First Aid

EYES: First check the victim for contact lenses and remove if present. Flush victim’s eyes
with water or normal saline solution for 20 to 30 minutes while simultaneously calling a
hospital or poison control center. Do not put any ointments, oils, or medication in the victim’s
eyes without specific instructions from a physician. IMMEDIATELY transport the victim after
flushing eyes to a hospital even if no symptoms (such as redness or irritation) develop.

SKIN: IMMEDIATELY flood affected skin with water while removing and isolating all
contaminated clothing. Gently wash all affected skin areas thoroughly with soap and water.
IMMEDIATELY call a hospital or poison control center even if no symptoms (such as redness
or irritation) develop. IMMEDIATELY transport the victim to a hospital for treatment after
washing the affected areas.

INHALATION: IMMEDIATELY leave the contaminated area; take deep breaths of fresh air.
IMMEDIATELY call a physician and be prepared to transport the victim to a hospital even if
no symptoms (such as wheezing, coughing, shortness of breath, or burning in the mouth,
throat, or chest) develop. Provide proper respiratory protection to rescuers entering an
unknown atmosphere. Whenever possible, Self-Contained Breathing Apparatus (SCBA)
should be used; if not available, use a level of protection greater than or equal to that
advised under Protective Clothing.

INGESTION: DO NOT INDUCE VOMITING. If the victim is conscious and not convulsing,
give 1 or 2 glasses of water to dilute the chemical and IMMEDIATELY call a hospital or
poison control center. Be prepared to transport the victim to a hospital if advised by a
physician. If the victim is convulsing or unconscious, do not give anything by mouth, ensure
that the victim’s airway is open and lay the victim on his/her side with the head lower than
the body. DO NOT INDUCE VOMITING. IMMEDIATELY transport the victim to a hospital.
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OTHER: Since this chemical is a known or suspected carcinogen you should contact
a physician for advice regarding the possible long term health effects and potential
recommendation for medical monitoring. Recommendations from the physician will depend
upon the specific compound, its chemical, physical and toxicity properties, the exposure
level, length of exposure, and the route of exposure. (NTP, 1992)

Ship’s Response

Do not close, spill or leak area for at least 300 meters (1000 feet) in all directions.
Approach from windward direction.

Shut down ventilation.

Shut down RO Plant.

Responders to wear PPE kit as enumerated.
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B16 - Xylene

FLAMMABLE

1330-20-7
(mixed isomers)
95-47-6

(o-xylene)
CAS Number UN/NA Number 1307

106-42-3

(p-xylene)

108-38-3

(m-xylene)
DOT Hazard Label [Flammable Liquid USCG CHRIS Code |None
Chemical Formula [C8H10 Flash Point NA
Lower Explosive Upper Explosive
Limit (LEL) NA Limit (UEL) NA
¢::1°F:g:::':r2 NA Melting Point NA
Vapor Pressure NA Y:(Zg:i\?:rt‘:%r) NA
Specific Gravity NA Boiling Point NA
Molecular Weight |NA Water Solubility NA

lonization Energy/

8.56 eV [From NPG:

900 ppm [From NPG:

. o-Xylene] (NIOSH, IDLH o-Xylene] (NIOSH,

Potential 2024) 2024)

Period AEGL-1 AEGL-2 AEGL-3
AEGLs 10 m?nutes 130 ppm 2500 ppm 7200 ppm
(Acute E 30 minutes 130 ppm 1300 ppm 3600 ppm

cute Exposure )

Guideline Levels) 60 minutes 130 ppm 920 ppm 2500 ppm

4 hours 130 ppm 500 ppm 1300 ppm

8 hours 130 ppm 400 ppm 1000 ppm
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. Diamond | Hazard | Value | Description

Can cause temporary incapacitation or residual
__________ injury.

@ Flammabiity = 3 | Can be ignited under almost all ambient

@Q Health 2

temperature conditions.

<> Instability 0 Normally stable, even under fire conditions.

______________________ ‘ Special

General Description

A clear colorless liquid with a characteristic aromatic odor consisting of a mixture of the
three isomers (ortho-, meta- and para-). The latter two predominate. Flash point 81-115°F.
Less dense (at 7.2 Ib/ gal) than water and insoluble in water. Hence floats on water. May
be toxic by ingestion. Vapors heavier than air and may be narcotic in high concentrations.
Used as a solvent for paints and adhesives, and to make other chemicals.

Hazards
Reactivity Alerts Highly Flammable
Air & YVater Flammable and insoluble in water
Reactions
HIGHLY FLAMMABLE: Will be easily ignited by heat, sparks or
flames. Vapors may form explosive mixtures with air. Vapors may
travel to source of ignition and flash back. Most vapors are heavier
than air. They will spread along the ground and collect in low or
. confined areas (sewers, basements, tanks, etc.). Vapor explosion
Fire Hazard

hazard indoors, outdoors or in sewers. Those substances designated
with a (P) may polymerize explosively when heated or involved in a
fire. Runoff to sewer may create fire or explosion hazard. Containers
may explode when heated. Many liquids will float on water. (ERG,
2024)

May cause toxic effects if inhaled or absorbed through skin.
Inhalation or contact with material may irritate or burn skin and eyes.
Fire will produce irritating, corrosive and/or toxic gases. Vapors
may cause dizziness or asphyxiation, especially when in closed or
confined areas. Runoff from fire control or dilution water may cause
environmental contamination. (ERG, 2024)

Health Hazard

Response Recommendations

Isolation and Evacuation - Excerpt from ERG Guide 130 [Flammable Liquids (Water-
Immiscible/ Noxious)]:

IMMEDIATE PRECAUTIONARY MEASURE: Isolate spill or leak area for at least 50 meters
(150 feet) in all directions.

LARGE SPILL: Consider initial downwind evacuation for at least 300 meters (1000 feet).
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Firefighting — Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible/
Noxious)]:-

CAUTION: The majority of these products have a very low flash point. Use of water spray
when fighting fire may be inefficient.

SMALL FIRE: Dry chemical, CO2, water spray or regular foam. If regular foam is ineffective
or unavailable, use alcohol-resistant foam.

LARGE FIRE: Water spray, fog or regular foam. If regular foam is ineffective or unavailable,
use alcohol-resistant foam. Avoid aiming straight or solid streams directly onto the product.
If it can be done safely, move undamaged containers away from the area around the fire.
Non-Fire Response — Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible/
Noxious)]:-

ELIMINATE all ignition sources (no smoking, flares, sparks or flames) from immediate area.
All equipment used when handling the product must be grounded. Do not touch or walk
through spilled material. Stop leak if you can do it without risk. Prevent entry into waterways,
sewers, basements or confined areas. A vapor-suppressing foam may be used to reduce
vapors. Absorb or cover with dry earth, sand or other non-combustible material and transfer
to containers. Use clean, non-sparking tools to collect absorbed material.

LARGE SPILL: Dike far ahead of liquid spill for later disposal. Water spray may reduce
vapor, but may not prevent ignition in closed spaces. (ERG, 2024)

Protective Clothing - Excerpt from ERG Guide 130 [Flammable Liquids (Water-Immiscible/
Noxious)]:-

Wear positive pressure self-contained breathing apparatus (SCBA). Structural firefighters’
protective clothing provides thermal protection but only limited chemical protection. (ERG,
2024)

First Aid

Refer to the “General First Aid” section. Specific First Aid: Wash skin with soap and water.

In case of burns, immediately cool affected skin for as long as possible with cold water. Do
not remove clothing if adhering to skin. (ERG, 2024)

Ship’s Response
Do not close, spill or leak area for at least 50 meters (150 feet) in all directions.

Approach from windward direction.
Shut down ventilation, Shut down RO Plant.
Responders to wear PPE kit as enumerated.

Source https://cameochemicals.noaa.gov
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