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1. INTRODUCTION

This guidance is one of several published by Fertilizers Europe in order to promote 
safety in the fertilizer industry. It replaces the previous one, which was issued by the 
industry associations IFA/APEA in 1985 (Ref. 1). It is much more detailed and takes 
into account the findings of the recent research work carried by TNO, a research 
organisation located in the Netherlands.

TNO, at the request of Fertilizers Europe, investigated the safety aspects of ammonium 
nitrate solutions at high temperatures and reported in 2003 (Ref. 2). The Fertilizers 
Europe steering group overseeing this work saw the opportunity as well as the 
necessity to follow up this project with the preparation of a more detailed guidance 
for the safe storage of hot ammonium nitrate solutions. This guidance seeks to 
translate the pertinent results of the Fertilizers Europe/TNO investigation into practical 
recommendations and also to encompass the results of intensive discussions within 
the steering group.

2. SCOPE AND PRINCIPLES

This guidance concerns the storage of hot ammonium nitrate solutions with a 
concentration in excess of 80% in fixed tanks. The recommendations are not intended 
for tanks used as process vessels in manufacturing plants. This guidance may also serve 
to determine the basic safety concept in performing safety studies and the design of 
storage tanks related to hot ammonium nitrate solutions.

This guidance is intended to apply to new installations but consideration must be given 
to adapting existing installations wherever reasonably practicable. It must also be borne 
in mind that not all recommendations may apply in every situation and retrofitting or 
modifying existing installations may not always be possible from a technical or practical 
point of view. In such cases appropriate safety studies should be carried out to establish 
that the existing situation is acceptable.

The guidance is not prescriptive in nature but provides a series of recommendations. It 
attempts to describe the relevant factors, their relative importance and various options 
available to specific situations.

This guidance addresses various safety related aspects of the storage of ammonium 
nitrate solutions, for example, location, design, construction, instrumentation, control 
systems and relief devices. It also briefly considers environmental aspects. In relation 
to safety it mainly covers:
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•	 Location and construction features
•	 Design features concerning, for example, heating coils and venting methods
•	 Safety equipment and first aid measures
•	 Normal process conditions (e.g. temperature, pH)
•	 Upset conditions (monitoring and prevention)
•	 Decomposition reactions (e.g. detection by changes in temperature, pH and 

concentrations of N2O, NOx etc.)
•	 Intervention techniques such as the addition of water and/or ammonia and 

dumping of the tank contents into a safe area.

Local site conditions need to be taken into account in considering all the aspects 
described in this guidance.

The guidance briefly describes the physical and chemical properties of AN, focusing 
on the potential hazards of hot AN solutions. It also covers the main regulations, 
which apply to the production and storage of hot ammonium nitrate solutions in the 
European Union. Readers are advised to refer to up-to-date regulations as there may 
have been changes since the publication of this guidance.

3. PROPERTIES OF HOT CONCENTRATED SOLUTIONS OF 
AMMONIUM NITRATE

The main properties of relevance for AN storage are summarised below; further 
information is given in the Safety Data Sheet in Appendix 1. Much information on 
the physical and chemical properties and potential hazards of ammonium nitrate is 
available in literature (Ref. 3-6).

3.1. Physical Properties   

Ammonium nitrate is very soluble in water. Heat is absorbed when it dissolves, which 
makes the process of dissolution difficult and slow at low temperatures.

The crystallisation temperatures as well as the atmospheric boiling points of AN 
solutions of different concentrations are given in the table on next page.
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AMMONIUM
NITRATE (%) 

80 82.5 85 87.5 90 92.5 95

Crystallisation 
temperature (°C)

57 65 75 85 96 108 122

Atmospheric 
boiling point (°C)

128 132 136 140 146 155 168

More detailed information regarding the relationship of atmospheric pressure boiling 
and crystallisation temperatures of AN solution is given in Diagram 1.

3.2. Chemical Properties

Hot AN solutions should always be stored under neutral or alkaline conditions. It is 
common industrial practice to express the pH of an AN solution as that of a 10 wt% 
solution at 25°C. According to this practice the pH of a neutral AN solution is not 7 but is 
in the region of 4.5. Measuring the pH at different concentrations and/or temperatures 
will result in different values and these values need to be appropriately adjusted.

AN solutions themselves are neither combustible nor flammable. They are oxidizing 
in nature and thus can enhance the potential fire hazard of combustible material. 
They can react on contact with organic materials such as wood, oil or grease, in some 
situations after a delay.

Hot AN solutions are capable of thermal decomposition which is negligible under 
normal storage conditions. Decomposing ammonium nitrate solutions can evolve N2O, 
brown nitrous fumes (NOx), nitric acid vapours and NH3, some of which are toxic in 
nature and, therefore, should not be inhaled (see Section 8 below). Whereas most of 
the decomposition reactions are exothermic in nature, the dissociation reaction (into 
ammonia and nitric acid) is endothermic and is vapour-pressure-dependent.

The tendency to decompose is enhanced by high temperature, acidic conditions and 
the presence of contaminants containing ions of, e.g. Cl, Fe, Co, Ni, Cr, and Cu. AN 
solutions also react vigorously with zinc and zinc alloys (note that zinc is widely used 
in galvanised steel).

Crystallisation Temperatures and Boiling Points of AN Solutions AMMONIUM
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 Once started, these reactions can become progressively more severe, unless controlled 
(see Section 5.3 below).

In this guidance the two types of reactions, decomposition/dissociation and oxidation, 
are described simply as decomposition.

Hot concentrated AN solution can give rise to a potential explosion hazard when 
heated under confinement (e.g. in a blocked pipe) or by severe shock derived from a 
high explosive or a high velocity projectile.

3.3. Environmental Aspects

Ammonium nitrate has a low toxicity to aquatic life (see Safety Data Sheet in appendix 
1). It is the free or non-ionised ammonia generated due to the dissociation (which 
tends to be small) of AN, which produces the toxic effects. Ammonium Nitrate is a 
nitrogen fertilizer. Heavy spillage may cause an adverse environmental impact 
such as eutrophication in confined surface waters, or nitrate contamination. AN is 
biodegradable and does not show any bioaccumulation phenomena.

3.4. Health Hazards

In respect of people, AN is generally considered to be of low toxicity through all major 
absorption routes. Hot concentrated solutions of AN can produce very severe burns on 
the skin. This is not only because of their high temperature but also because they attack 
the skin on account of their oxidizing properties (see Safety Data Sheet in Appendix 1). 
First aid details are given in Section 8 below.

A toxic hazard can arise from brown nitrous fumes given off by decomposing ammonium 
nitrate solutions. These fumes must not be inhaled and they can have an insidious and 
delayed effect (see Appendix 1).

Protective measures should be taken in case ammonia is present in the area near the 
storage tank, for example, due to over-ammoniation and local venting.
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4. LOCATION , DESIGN AND INSTRUMENTATION

     4.1. General 

Safety studies shall be performed for all new installations. They should be reviewed on 
a regular basis (e.g. every few years).

During the safety study attention should be paid to other processes linked to the 
manufacture and storage of AN solution with special consideration to the risk of 
contamination.

4.2. Location

A tank for hot concentrated ammonium nitrate solution should not be located close to 
any storage of combustible materials, whether solid or liquid.

The location for an AN solution storage tank should be selected so as to minimise the 
risk of contamination by acids and by other non-compatible materials as indicated 
above in Section 3.2.

If road tankers or rail wagons are required to park near a tank, the parking area should 
be level and arranged in such a way that, in case of a leak, the hot solution does not 
run into a common drain where it might react violently with other materials. A sump 
should be provided at filling points so that any drips can be dealt with in a controlled 
manner. Wooden sleepers should not be used for railway lines in the loading area.

Care should be taken to prevent any vehicle colliding with a tank, its supports, or its 
pipeline supports, by the erection of barriers where necessary.

4.3. Tank Design

The tank should be constructed to an appropriate engineering standard and the mate-
rial of construction, such as austenitic stainless steel 304L, shall be resistant to corro-
sion by hot concentrated ammonium nitrate.



10

The following behaviour of ammonium nitrate should be borne in mind when 
considering the design of a new tank with respect to diameter and height aspects. 
Tanks with a low height have the advantage of giving rise to a lower pressure head 
above the ammonium nitrate solution at the bottom of the tank. This reduces the 
boiling temperature and the associated decomposition rate at the bottom of the tank. 
On the other hand, a low height-to-diameter ratio could be disadvantageous from the 
point of view of the mixing of any added dilution water.

Care should be taken to avoid confined or semi-confined spaces within the tank and 
associated equipment which can potentially allow AN solution to be trapped. For 
example, avoid double skinned baffles inside the tank.

Thermal insulation, if applied, should be of inorganic material and should be checked 
to ensure there is no hazardous reaction of the material with hot ammonium nitrate 
solution.

The insulation should be protected and sealed by an outer skin of stainless steel or 
aluminium. Whichever is used, care should be taken to ensure that there are no gaps 
in the outer skin to prevent water entering which could reduce the efficiency of the 
insulation.

The number of flanges should be kept to a minimum and they should be outside the 
insulation of the tank.

There should be a facility such as a pump to circulate the solution in the tank to ensure 
a homogeneous solution. A minimum circulation rate should be considered for each 
individual tank and, in the absence of suitable calculation methods to specify this rate, a 
minimum circulation rate of about 5-10% of the tank volume per hour is recommended 
as a rough guide.

The tank should be provided with a secondary containment (e.g. bund wall). The area 
contained within the secondary containment must be free from reactive substances and 
from surface contamination to minimise the risk of AN decomposition and associated 
toxic fume release if the solution leaks or there is a major loss of containment.

The tank should be provided with an overflow system with the discharge directed to a 
safe area. Care should be taken to avoid this line blocking due to crystallisation of the 
AN.
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The materials used for the foundation underneath a tank should be devoid of a 
sensitising effect on ammonium nitrate to minimise the risk of decomposition in case 
of a leak of the ammonium nitrate solution.

The design should pay attention to the detection of leaks occurring due to corrosion, 
for example.

The interior of the tank shall be thoroughly cleaned after construction and before any 
internal repairs. The tanks shall be inspected and cleaned if necessary on completion 
of the repairs.

It should be noted that ammonium nitrate solutions, whether hot, cold, concentrated 
or dilute, can attack and cause damage to cement and concrete unless they are suitably 
protected.

Refer to Section 4.4 for the provision of instruments, controls and various accessories 
which should be considered when designing the tank.

The tank should be provided with a reliable water addition facility to cool and dilute 
the tank contents in case of a temperature rise e.g. caused by a decomposition of the 
AN solution in the tank.

4.4. Instruments, Controls and Accessories

Design standards concerning safety integrity 
International guidelines have been developed for Safety Integrity Levels (SIL). The 
International Electrotechnical Commission (IEC) has issued:

•	 IEC 61508-SER “Functional safety of electrical/electronic/ programmable electronic 
safety-related systems” and

•	 IEC 61511-SER “Functional safety: Safety Instrumented Systems for the process 
industry sector”.

At the time of printing of this guidance the codes are not mandatory but it is expected 
that EU and national guidelines will be based on these. Readers are advised to consult 
these codes when designing AN solution storage systems.

Safety reviews of the individual plants can be used to determine the required SILs of 
safety instrumented functions (SIF) such as the water addition system activated by high 
temperature. It is outside the scope of this guidance to give detailed recommendations 
in this regard.
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Level
The tank must be provided with reliable level measuring instruments capable of 
giving a continuous indication of level and high/low level alarms. In selecting the level 
instruments care must be taken for varying concentrations, densities and crystallisation 
temperatures of ammonium nitrate solutions.

Temperature
Multiple temperature sensors should be provided, preferably at different heights 
and around the circumference of the storage vessel. High temperature alarms/trips 
should be installed with set points at temperatures as close as practically possible to 
the operating temperature. The indicative range for such settings is 5-20°C above the 
normal operating temperature. The minimum operating temperature should be at 
least 5°C above the AN solution crystallisation temperature. A low temperature alarm 
should also be provided to warn of the risk of crystallisation.

Sampling
A means (e.g. a sampling valve) for obtaining a representative sample of the solution 
should be provided. Where necessary, a steam injection point for keeping the sampling 
lines clear should be installed.

Venting 
A vent should be provided on the tank to prevent it from being put under excessive 
pressure or vacuum. Care should be taken to keep the vent free from blocking by 
proper design or by steam tracing or jacketing, where this is considered necessary.

The results of the Fertilizers Europe study relating to the release of decomposition 
gases including water vapour (also generated by water addition) should be taken into 
account. In order to provide a sufficient safety margin for the vent sizing, its capacity 
should be calculated corresponding to the credible worst-case scenario for the 
particular installation.

For example, a selected scenario involving a solution (100 tes) with a pH of 2 and 
chloride contamination of 100ppm leads to a vent size in the region of 250-300mm 
diameter. This takes account of the gases formed by decomposition as well as the gases 
from the evaporation of water, added at a rate sufficient to bring the temperature 
down from 180 to 150°C in one hour. The vent size is dependent on the rate of water 
addition.
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Valves 
Valves which do not trap the solution within the internals, are recommended for 
ammonium nitrate solution duty.

An automatic valve or a manual valve operable from a safe distance, may be considered 
for emptying the storage tank (see Section 5.3) as an alternative to water addition 
where water cannot be relied upon to be available. A drain valve should be provided to 
enable the tank to be emptied completely, where practicable.

Steam coil
A steam heating coil, or a circulation system incorporating a heat exchanger, may be 
provided to safeguard against low temperature conditions. The steam supplied shall be 
saturated and controlled so that the temperature of the ammonium nitrate solution 
does not exceed 150°C.

The following precautions are recommended for the steam supply system:

•	 The steam pressure in the coil should always be such that in case of a leak occurring 
in the coil the solution would not flow into the coil.

•	 The steam in the coil should preferably be on pressure control, not on temperature 
control in order to satisfy the above condition.

•	 The steam supply system should be fitted with protections to avoid the use of 
superheated or over-pressure steam.

Other control measures 
Facilities for adding gaseous ammonia can be provided to correct the pH of the 
solution. This can be done either by direct injection or by circulation through another 
vessel which is equipped with the facilities for ammonia addition.

Pumps 
Pumps are required to circulate the ammonium nitrate solution, to transfer the 
solution and to empty the storage tank.

They should be adequately protected to avoid pumping against a dead-end and 
overheating. Written procedures should be available for the design, operation and 
maintenance of these pumps. The pump system should be designed so as to minimise 
the risk of cavitation e.g. by means of a low level switch in the tank.
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Pipework 
The hardware and control systems linking the storage with the plant and exporting 
facilities (e.g. tanker loading) should be designed in such a way as to minimise the risk 
of contaminating the stored solution.

Unwanted pipe connections to the storage tank should be avoided in order to minimise 
the risk of contamination.

Pipe work should be steam jacketed or steam traced and/or insulated, as appropriate. 
It should be run with an adequate slope for drainage with drain valves at the lowest 
points. See above under steam coil for precautions relating to the steam supply.

AN solution lines can also be heated by electrical tracing as an alternative to jacketing 
or steam tracing. Heating by electrical tracing is generally not recommended as a 
permanent provision but if used, sufficient precautions should be taken. The tape 
should be the inherently safe, temperature-‘self-limiting’ type to avoid potential 
‘hot-spots’. The maximum achievable temperature should not exceed the safe design 
temperature in the line; just as such a limit would be applied in the case of steam 
tracing. Independent measurements such as the temperature of the tracing tape and 
the electric current at the beginning and end of the tape should be used to ensure 
proper operation of the electrical tracing.

Care should be taken in design and modifications to prevent trapping ammonium 
nitrate in isolated sections. Steam/Condensate injection points should be provided to 
flush or clear the lines where appropriate.

Proper sealing should be provided, e.g. by using spiral-wound gaskets, to prevent the 
leakage of AN solution from flanges.
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4.5. Typical Storage Tank Layout

Figure 1 is an illustrative drawing of a storage tank with its safety provisions. Different 
configurations and different degrees of automation can be envisaged depending on 
the local situation.

 

             Figure 1 – Illustrative drawing of a typical AN solution storage tank
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5. OPERATION

     5.1. General  

The operation of the installation should be in accordance with written instructions. 
They should be available on the site, should cover the necessary safety precautions 
and include good house-keeping rules.

5.2. Normal Operation
 
Temperature monitoring and control  
A maximum temperature of 150°C was recommended for the stored solution in the 
previous Guidance (Ref. 1). The results of the recent Fertilizers Europe project (Ref. 2) 
tend to support this limit.

The operating temperature of the AN solution shall be monitored and controlled to 
keep it below 150°C.

The minimum operating temperature should be at least 5°C above the AN solution 
crystallisation temperature.

pH monitoring and control  
The pH of ammonium nitrate solutions should be regularly monitored and kept at 
neutral or alkaline i.e pH >4.5 (see Section 3.2).

AN solutions tend to lose ammonia gradually during storage. The more alkaline the 
solution the higher is the loss of ammonia.

Regular manual sampling and analyses or in-line continuous pH measurement shall be 
performed according to written procedures. The sample should be representative of 
the total content of the tank, e.g. by taking the sample from the circulation line. Such 
a sample should be taken and analysed at least once a day.

During unsteady plant operating conditions it will be necessary to increase the 
frequency of pH measurements. In particular if the AN solution is to be stored for a 
long period of time, e.g. during a plant shut-down, care should be taken to ensure that 
the monitoring of process conditions such as pH, temperature and concentration is 
continued.
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NOx and/or N2O monitoring 
On-line monitoring of these decomposition gases is an option for the early detection 
of decomposition.

Contamination 
Regular analysis of the AN solution should be carried out to check for the required 
purity and safety (see Sections 4.1 and 9).

Precautions should be taken during operation and maintenance activities to prevent 
contamination of the storage facility. In particular, contamination of hot ammonium 
nitrate solution with oil (e.g. in the pumping area) is potentially dangerous.

Where there is a risk of accumulation of insoluble matter on the surface of the solution 
e.g. due to the presence of contamination in the feed streams, provision should be 
made for sampling the solution from the surface and the removal of any contaminated 
layer according to written procedures. The sampling should be done regularly 
depending on the nature of the process.

The storage area should be kept tidy and free from all rubbish.

5.3. Operation Under Upset Conditions

In situations where a decomposition is detected but an intervention is not possible, 
emptying the tank and containing the run-off may be considered. The risk of a 
runaway decomposition is thereby reduced because no pressure build up can take 
place. The ammonium nitrate solution will cool down and to some extent solidify 
and can be maintained without contamination of surface/ground water or soil. A safe 
collecting area should be provided.

Instructions for operators should be in place stating how to bring the AN-storage tank 
back to normal condition following upsets.

The typical main deviations are as follows:
•	 Temperature: high and low
•	 pH: high and low
•	 Level: high and low
•	 Contamination
•	 Blockage in the line and lack of circulation (i.e. no flow condition)
•	 Leakage
•	 Pressure: high and low
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Temperature 
High temperature conditions can arise as a result of e.g. AN solution feed at high 
temperature, malfunctioning of the heating system and decomposition.

In a high temperature situation one or more of the following actions may be taken:
•	 Isolate the heat input e.g. trip shut steam valve
•	 Stop the AN solution feed
•	 Add water (see details below)
•	 Add ammonia e.g. in the event of a decomposition

Low temperature conditions can arise as a result of e.g. cooler AN solution feed, loss of 
heating, inadvertent addition or ingress of water.

pH 
Low pH conditions can arise due to e.g. a malfunction of the pH control system in the 
AN production unit or a loss of ammonia during storage.

In the event of a low pH situation one or more of the following actions may be taken:
•	 Add ammonia: normally a low pH is corrected by adding ammonia gas.
•	 Mix with AN solution of a higher pH.

High pH conditions can arise due to e.g. a malfunction of the pH control system in the 
AN production unit. This is not an unsafe condition as the solution will tend to lose 
ammonia gradually during storage. However, this could be an environmental issue e.g. 
a problem with ammonia odour in the vicinity.

Level 
High or low level conditions usually arise due to a malfunction of the level 
instruments or mal-operation.

High level situations can lead to the overflow of the AN solution from the tank. Such 
overflow should be appropriately directed to minimise environmental implications. A 
low level condition may cause cavitation in the solution pump and may also lead to the 
steam coil not being covered with AN solution. The operator should investigate and 
take appropriate action.
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Contamination  
The presence of contamination may be indicated or suspected in a number of ways:
•	 Direct e.g. chemical analysis of the AN solution or visual inspection (e.g. suspended 

matter, coloration).
•	 Chemical analysis of the raw materials.
•	 Indirectly from the effects of the contamination on the solution e.g. temperature-

rise, evolution of gases.

Appropriate action based on the nature and quantity of the contaminant must be taken 
in the event of the first two cases. In the third case, the consequential effects (e.g. 
temperature rise) need to be analysed by operators as there may be various possible 
causes.

If the consequential effects are likely to be associated with contamination, intervention 
measures must be taken to control the situation. These may include:
•	 The isolation of AN solution feed
•	 Identifying the source of contamination and prevention of further ingress
•	 The isolation of the heat input
•	 The addition of water (see details below).

Blockage in the line and lack of circulation
When a line gets blocked with crystallised AN, care must be taken to avoid heating the 
AN under confinement during any attempts to clear the blockage. Safe procedures 
must be followed which prevent this and the risk of personnel being sprayed and 
affected by the hot solution. Such procedures could involve, for example, opening up 
the line at one end and injecting hot condensate carefully to dissolve crystallised AN.

A potentially hazardous situation can arise in the pump due to lack of circulation as 
a result of line blockage and this can be detected by e.g. flow meter, pump low amps 
or temperature sensors. Under the no-flow situation the pump can overheat and 
may explode. Appropriate protection should be provided to avoid such a situation. In 
addition, the lack of circulation can also adversely affect the mixing of the AN solution 
in the tank.

Leakage  
Leakages mainly occur from flanges and seals e.g. from the pump systems. Small 
leakages will lead to the solidification of the spilled ammonium nitrate but larger 
amounts may collect in pits and drains. These leakages should be properly managed.
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Pressure 
High pressure conditions may arise from decomposition gasses and from evaporated 
water in the course of intervention measures. Vents must be designed and installed 
for a credible worst case scenario (see Section 4.4).

Low pressure conditions can be avoided by the proper design of the vent system 
or vacuum relief valve, taking into account the highest possible off-take as well as a 
sudden cooling down of the vapour phase e.g. by the addition of cold water.

Addition of water in case of increasing temperatures  
The addition of water can be initiated manually according to the operating 
procedures or may be triggered by an automatic trip/interlocking sequence. The use 
of this intervention technique shall be described in the operating instructions. The 
addition of water shall occur after reaching a specified temperature value (5-10°C 
above a selected alarm temperature, see Section 4.4).

Water may be added in various ways: on the top of the liquid surface; by means of a dip 
pipe (normal or perforated); or by means of a jet system. The risk of blockage occurring 
in the water line due to crystallisation of AN should be considered and should be 
addressed, where necessary, for example, by the provision of a small continuous flow 
of water in the pipe/jet.

Whichever method of water addition is used, consideration should be given to the 
effectiveness of its mixing with the AN solution for controlling the reaction within the 
available time (see below).

The spraying of ambient temperature water into the free space above the liquid in the 
storage vessel is not a preferred option as it can present the risk of a rapid condensation 
of vapour, which can create a vacuum inside the storage tank possibly causing damage. 
The tank has to be provided with adequate vacuum relief capacity against this hazard.

Sufficient free space between the maximum filling level and the overflow position in 
the storage vessel should always be kept to accommodate any liquid swell which may 
be caused by the flash steam produced when water is added.

A reliable source for the dilution water is essential. Water can be provided from a static 
head tank, a local water network or a fire fighting water system. If a pump is used, a 
back-up power supply is recommended to safeguard against power failure.
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Water used for emergency actions should preferably be free from contaminants. 
However, in the selection of the water source, consideration should be given to the 
reasonable and reliable availability and the associated practical aspects.

Time available for response
The Time to Maximum Rate (TMR) depends on various factors, such as the type and 
quantity of contaminants as well as the AN concentration and solution temperature. In 
the Fertilizers Europe study the kinetic rates of decomposition of AN solutions which 
were acidified and contained selected contaminants, were found to be relatively low 
in the typical operating temperature range 130-150°C. For example, the results of the 
Dewar experiments with predefined contamination levels (under fairly pessimistic 
scenario conditions: 94% AN solution at pH 2 and containing 100ppm chloride 
contamination), show that the time for the temperature to rise from about 160°C to 
the temperature corresponding to maximum rate is about 5-6 hours. This means that 
in industrial situations there would be sufficient time available to intervene during a 
decomposition reaction before it could develop into a dangerous escalation.
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6. MAINTENANCE

6.1. Regular Cleaning and Inspection of Storage Tanks  

Empty and clean the tank at regular intervals particularly removing any deposits (e.g. 
corrosion products) that may have collected at the bottom of the tank. Thoroughly 
inspect and carry out any required maintenance work. The cleaning of the tanks should 
be performed according to a written procedure and be recorded. Where appropriate, 
the deposits should be analysed in order to identify their sources and to eliminate 
them where practicable.

Care should be taken to avoid cavitation when the tank is emptied using a pump.

The tank is usually cleaned with water and organic solvents are not recommended. 
Contact between organic solvents and ammonium nitrate shall be avoided. The tank 
shall be rinsed with clean water before commissioning.

6.2. Mechanical Integrity and Repairs 

Inspection of the tanks should cover aspects of mechanical integrity and corrosion in 
addition to other aspects.

Valves, safety valves and other equipment should be checked periodically. If the steam 
coil has sprung a leak, it should be repaired. The damaged sections should not be 
isolated so as to avoid trapping and confining ammonium nitrate in the coil.

It is good practice to avoid patchwork when carrying out repairs. The damaged area 
should be cut out and replaced by a flush-fitting piece of new material. This is to avoid 
double plating which could cause ammonium nitrate to be trapped between the plates 
and its subsequent heating by the hot solution when the tank is put back in service. As 
stated in 3.2, under such conditions of heating and confinement, AN can give rise to 
an explosion hazard.
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7. SAFETY EQUIPMENT

The following safety equipment should be provided on the site:
•	 A supply of water under pressure with hydrants and hoses, protected against frost 

in winter.
•	 An appropriate number of showers and eye wash devices.
•	 Protective clothing with a face screen available to be worn by operators before 

making connections, breaking connections, or breaking joints.
•	 Face shield or goggles, gloves, safety shoes or boots and protective aprons 

available to operating personnel. Operating instructions should specify the use of 
personal protection equipment.

•	 Breathing apparatus or escape sets to safeguard against any emission of toxic 
fumes.

8. PERSONNEL TRAINING , FIRST AID AND EMERGENCY PLANS

All personnel involved in the storage of the solutions must be given training about the 
potential hazards of AN, safe procedures to use for operation and maintenance and the 
precautions and actions to take in the event of an emergency e.g. fire, emission of toxic 
fumes, skin burning by hot solution.

Information on how to act in an emergency can be found in the safety data sheet for 
ammonium nitrate solution (see Appendix 1).

Emergency plans for potential scenarios such as fire and toxic fume release should 
be prepared, kept in a written form and should be regularly practised. The relevant 
records should be kept.
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9. REGULATIONS

Information concerning current regulations at the time of preparation of this guidance 
(2005) is summarised below. Readers are advised to check for any revision and consult 
the most up to date legislation.

Seveso Directive 
AN solution containing more than 80% AN is listed as a hazardous substance in the 
Seveso Directive (Ref. 7)

Classification, Packaging and Labelling Directive 
Ammonium nitrate solutions are not classified as hazardous material according to the 
amended EEC Directive 67/548/EEC (Annex 1B of Directive 2004/73/EC) (Ref. 8).

UN Transport Regulations 
International transport regulations e.g. UN Orange Book (Ref. 9), European rail, 
RID (Ref. 10), European road, ADR (Ref. 11) and international sea, IMDG (Ref. 12) 
classify hot ammonium nitrate solution containing more than 80% AN as an oxidizing 
substance, Class 5.1 UN No. 2426 (Ref. 9), with special provisions which specify the 
following safety related parameters:
•	 AN content not to exceed 93%
•	 to contain not more than 0.2% combustible material
•	 pH between 5 and 7 measured in an aqueous solution of 10% of the substance 

carried
•	 the maximum content of chloride ions should not exceed 0.02%

Readers are advised to consult the actual regulations for full and exact details.
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APPENDIX 1

Safety Data Sheet 
Hot Ammonium Nitrate Solution (80-93% w/w)

Conforms to Regulation (EU) No 453/2010
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2. HAZARDS IDENTIFICATION

M
S

D
S

_E
N

2,
1

H
27

2
H

31
9

R
8

R
36

2,
2

  H
27

2
H

31
9

P
21

0
P

22
0

P
28

0
P

37
0+

P
37

8
P

30
5+

P
35

1+
P

33
8

P
33

7+
P

31
3

C
om

pa
ny

 In
pu

t
P

26
4

La
be

llin
g 

in
 a

cc
or

da
nc

e 
w

ith
 R

eg
ul

at
io

n 
12

72
/2

00
8 

(C
LP

)

M
ay

 in
te

ns
ify

 fi
re

; o
xi

di
se

r. 
C

au
se

s 
se

rio
us

 e
ye

 ir
rit

at
io

n.

C
la

ss
ifi

ca
tio

n 
of

 th
e 

su
bs

ta
nc

e 
or

 m
ix

tu
re

H
az

ar
d 

pi
ct

og
ra

m
(s

)

H
az

ar
d 

st
at

em
en

t(s
)

O
; R

8,
 X

i; 
R

36
C

la
ss

ifi
ca

tio
n 

in
 a

cc
or

da
nc

e 
w

ith
 

D
ire

ct
iv

e 
67

/5
48

 (D
SD

)
R

is
k 

ph
ra

se
(s

)
C

on
ta

ct
 w

ith
 c

om
bu

st
ib

le
 m

at
er

ia
l m

ay
 c

au
se

 fi
re

.
Irr

ita
tin

g 
to

 e
ye

s.

Pr
ec

au
tio

na
ry

 s
ta

te
m

en
t(s

)
C

om
pa

ny
 In

pu
t: 

Fe
rti

liz
er

s 
E

ur
op

e 
re

co
m

m
en

da
tio

ns
K

ee
p 

aw
ay

 fr
om

 h
ea

t, 
sp

ar
ks

, o
pe

n 
fla

m
es

 &
 h

ot
 s

ur
fa

ce
s.

 —
 N

o 
sm

ok
in

g.
K

ee
p/

S
to

re
 a

w
ay

 fr
om

 c
om

bu
st

ib
le

 m
at

er
ia

ls
 &

 c
he

m
ic

al
s.

W
ea

r e
ye

 p
ro

te
ct

io
n.

In
 c

as
e 

of
 fi

re
: U

se
 c

op
io

us
 q

ua
nt

iti
es

 o
f w

at
er

.
IF

 IN
 E

Y
E

S
: R

in
se

 c
au

tio
us

ly
 w

ith
 w

at
er

 fo
r s

ev
er

al
 m

in
ut

es
. R

em
ov

e 
co

nt
ac

t 
le

ns
es

, i
f p

re
se

nt
 a

nd
 e

as
y 

to
 d

o.
 C

on
tin

ue
 ri

ns
in

g.
If 

ey
e 

irr
ita

tio
n 

pe
rs

is
ts

: G
et

 m
ed

ic
al

 a
tte

nt
io

n.

O
pt

io
na

l
W

as
h 

ha
nd

s 
th

or
ou

gh
ly

 a
fte

r h
an

dl
in

g.

W
ar

ni
ng

C
la

ss
ifi

ca
tio

n 
in

 a
cc

or
da

nc
e 

w
ith

 
R

eg
ul

at
io

n 
12

72
/2

00
8 

(C
LP

)
O

x.
 S

ol
 3

, H
27

2
E

ye
 Ir

rit
. 2

, H
31

9

Si
gn

al
 w

or
d

La
be

l e
le

m
en

ts

M
ay

 in
te

ns
ify

 fi
re

; o
xi

di
se

r. 
C

au
se

s 
se

rio
us

 e
ye

 ir
rit

at
io

n.
H

az
ar

d 
st

at
em

en
t(s

)



28

*a
 m

ix
tu

re
 c

on
sis

ts
 o

f m
or

e 
th

an
 o

ne
 su

bs
ta

nc
es

 (i
nd

ep
en

de
nt

 o
f t

he
 R

EA
CH

 d
efi

ni
tio

n
 o

f t
he

 su
bs

ta
nc

es
) (

Bo
re

al
is)

M
S

D
S

_E
N

En
vi

ro
nm

en
ta

l h
az

ar
ds

PB
T/

vP
vB

 c
rit

er
ia

H
ea

lth
 h

az
ar

ds

A
cc

or
di

ng
 to

 A
nn

ex
 X

III
 o

f R
eg

ul
at

io
n 

(E
C

) N
o 

19
07

/2
00

6,
 n

o 
P

B
T 

an
d 

vP
vB

 a
ss

es
sm

en
t h

as
 b

ee
n 

co
nd

uc
te

d 
si

nc
e 

am
m

on
iu

m
  n

itr
at

e 
is

 in
or

ga
ni

c.

H
ea

vy
 s

pi
lla

ge
 m

ay
 c

au
se

 a
dv

er
se

 e
nv

iro
nm

en
ta

l i
m

pa
ct

 s
uc

h 
as

 e
ut

ro
ph

ic
at

io
n 

in
 c

on
fin

ed
 s

ur
fa

ce
 

w
at

er
s 

or
 n

itr
at

e 
co

nt
am

in
at

io
n.

 S
ee

 S
ec

tio
n 

12
.*

Th
es

e 
so

lu
tio

ns
 a

re
 d

an
ge

ro
us

 b
ec

au
se

 o
f t

he
ir 

hi
gh

 te
m

pe
ra

tu
re

 a
nd

 p
os

si
bl

e 
ch

em
ic

al
 a

tta
ck

 o
n 

th
e 

sk
in

. H
ot

 m
at

er
ia

l c
an

 c
au

se
 th

er
m

al
 b

ur
ns

 to
 s

ki
n 

an
d 

ey
es

 w
ith

 ri
sk

 o
f p

er
m

an
en

t d
am

ag
e.

  
In

ge
st

io
n 

is
 v

er
y 

un
lik

el
y;

 in
ta

ke
 o

f l
ar

ge
 q

ua
nt

tie
s 

m
ay

 c
au

se
 g

as
tro

-in
te

st
in

al
 d

is
or

de
rs

; i
nh

al
at

io
n 

of
 m

is
t a

nd
 lo

w
 c

on
ce

nt
ra

tio
ns

 o
f a

m
m

on
ia

 re
le

as
ed

 fr
om

 th
e 

ho
t s

ol
tio

n 
m

ay
 g

iv
e 

ris
e 

to
 ir

rit
at

io
n 

of
 

ey
es

, n
os

e,
 th

ro
at

 a
nd

 u
pp

er
 tr

ac
t. 

N
o 

kn
ow

n 
ad

ve
rs

e 
lo

ng
 te

rm
 e

ffe
ct

s.
*

Ph
ys

ic
al

 a
nd

 c
he

m
ic

al
 h

az
ar

ds

O
th

er
 h

az
ar

ds
 w

hi
ch

 d
o 

no
t r

es
ul

t i
n 

cl
as

si
fic

at
io

n

A
m

m
on

iu
m

 n
itr

at
e 

so
lu

tio
n 

is
 n

ot
 it

se
lf 

co
m

bu
st

ib
le

 b
ut

 it
 c

an
 s

up
po

rt 
co

m
bu

st
io

n,
 e

ve
n 

in
 th

e 
ab

se
nc

e 
of

 a
ir.

 O
n 

he
at

in
g 

ca
n 

ca
us

e 
de

co
m

po
si

tio
n,

 re
le

as
in

g 
to

xi
c 

fu
m

es
 c

on
ta

in
in

g 
ni

tro
ge

n 
ox

id
es

 a
nd

 a
m

m
on

ia
. H

ea
tin

g 
un

de
r s

tro
ng

 c
on

fin
em

en
t c

an
 le

ad
 to

 e
xp

lo
si

ve
 b

eh
av

io
ur

.*

M
S

D
S

_E
N

C
AS

 n
o.

EC
 n

o.
G

en
er

ic
 R

EA
C

h 
R

eg
 N

o.
)

C
la

ss
ifi

ca
tio

n 
R

eg
ul

at
io

n 
(E

C
) N

o.
 

12
72

/2
00

8

C
la

ss
ifi

ca
tio

n 
D

ire
ct

iv
e 

67
/5

48
/E

EC
64

84
-5

2-
2 

22
9-

34
7-

8
C

om
pa

ny
 In

pu
t

O
xi

d.
 S

ol
id

 3
, H

27
2

E
ye

 Ir
rit

. 2
, H

31
9

O
; R

8
Xi

; R
36

O
th

er
 in

gr
ed

ie
nt

s

A
m

m
on

iu
m

 n
itr

at
e

C
om

pa
ny

 in
pu

t e
.g

; d
ilu

en
ts

, a
dd

iti
ve

s,
 

co
at

in
gs

E
C

 n
o.

 m
ea

ns
 E

IN
E

C
S

 o
r E

LI
N

C
S

 n
um

be
r.

C
he

m
ic

al
 n

am
e

3.
 C

OM
PO

SI
TI

ON
/ I

NF
OR

M
AT

IO
N 

ON
 IN

GR
ED

IE
NT

S



29

4. FIRST AID MEASURES
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5. FIRE-FIGHTING MEASURES
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9. PHYSICAL AND CHEMICAL PROPERTIES
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10. STABILITY AND REACTIVITY
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11. TOXICOLOGICAL INFORMATION
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12. ECOLOGICAL INFORMATION
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13. DISPOSAL CONSIDERATIONS
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