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	1.	One of the fundamental principles of the GHS is that all hazards of a chemical should be assigned and communicated. There is no general prioritization of hazards in the sense that certain hazard classes are not applicable if another one has been assigned. In contrast to health and environmental hazards, there are physical or chemical factors which preclude certain combinations of physical hazard classes. So far, there is no common understanding as to which combinations are relevant and which not. For example, should a pyrophoric liquid be classified as flammable liquid in addition, or is this redundant and unnecessary? In the course of the implementation of the GHS by countries or sectors and the actual application by industry all over the world, such questions become more and more important. 
2.	For some of the combinations the GHS provides an answer, in one way or another: Some combinations are not possible due to the physical state associated with the hazard class and some are explicitly excluded by according text or notes in the GHS. But other combinations of physical hazard classes are not mentioned although the relevance of their combination might be debatable and thus might be applied differently all over the world.
3.	The experts from Germany have intensely discussed the question of cross-classifications and considered systematically all possible combinations of physical hazard classes. The discussions resulted in a cross-table in which the combinations of physical hazard classes are assessed with regard to their possible applicability. Colors were assigned to all combinations as follows:
Combinations marked in red are undoubtedly not possible, either due to the physical state or based on explicit information in the GHS.
Combinations marked in orange are not possible, e.g. due to restrictions related to the interpretation of test results or execution of the test methods or such combinations should be precluded, e.g. for safety reasons. However, this is not stated in the GHS.
Combinations marked in yellow might be possible or are actually assigned in some (special) cases although there might be practical problems because the criteria/test methods of one of the hazard classes cannot be applied properly due to properties associated with the other hazard class.
Combinations marked in green are possible and must be considered when classifying a chemical.
4.	This cross-table and the underlying considerations have been published as follows: "UN-GHS Physical hazard classifications of chemicals: A critical review of combinations of physical hazard classes" Journal of Chemical Health & Safety 24(6), 15-28 (2017). The article is available online under https://authors.elsevier.com/a/1VwbQ6fYhmiWTm. Until mid of December 2017 the article it can be freely downloaded, after that it can be purchased normally. For ease of reference the pre-print of the manuscript is attached as annex to this document.
5.	The assessment as summarized in the cross-table (Table 1 in the above-mentioned publication) shows that there is a comparatively large number of combinations for which an unambiguous decision based on the GHS is not possible (orange and yellow combinations).
6.	As one additional milestone on the path to a globally harmonized system for the classification of chemicals, the question of cross-classification of physical hazards should be discussed and ultimately solved on a global basis. Therefore, the Sub-committee is invited to consider the issue. The expert from Germany would be happy to assist the process should the Sub-Committee decide that this subject should be pursued, that clarification is deemed helpful and/or that information to that regard should be added to the GHS.
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Abstract 


One of the fundamental principles of the UN-GHS (Globally Harmonized System 


of Classification and Labelling of Chemicals) is that all hazards of a chemical 


should be assigned and communicated. There is no general prioritization of 


hazards in the sense that certain hazard classes are not applicable if another one 


has been assigned. In contrast to health and environmental hazards, there are 


physical or chemical factors which preclude certain combinations of physical 


hazard classes. So far, there is no common understanding as to which 


combinations are relevant and which not. For example, should a pyrophoric 


liquid* be classified as flammable liquid in addition, or is this redundant and 


unnecessary? In the course of the implementation of the GHS by countries or 


sectors and the actual application by industry all over the world, such questions 


become more and more important.  


This publication systematically discusses all combinations of the UN-GHS physical 


hazard classes and assesses them with regard to the relevance of possible 


simultaneous assignment to a chemical. For many of the combinations an 


unambiguous decision based on the GHS alone is not possible, thus confirming 


that the question which physical hazard classes might be assigned 


simultaneously to a chemical is not trivial. As one more milestone on the path to 


a globally harmonized system for the classification of hazardous chemicals, this 


should be discussed and ultimately solved on a global basis. It is the hope that 


this publication might serve as an impetus for such discussions.  


1 Introduction 


Since the first edition of the UN-GHS (Globally Harmonized System of 


Classification and Labelling of Chemicals)1 has been published in 2003, several 


countries have implemented the GHS or are in the process of doing so2. One of 


                                       
*  When referring to specific hazard classes in the sense of the UN-GHS, this is always 


indicated in italics. 
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the fundamental principles of the UN-GHS is that all hazards of a chemical should 


be communicated. There is no general prioritization of hazards in the sense that 


certain hazard classes are not applicable or should not be assigned if another one 


has been assigned. However, and in contrast to health hazards, there are 


physical or chemical factors which preclude certain combinations of physical 


hazard classes.  


It is quite obvious that physical hazard classes are mutually exclusive in those 


cases where the title or the definition of a hazard class includes the physical 


state, i.e. hazard classes for liquids or solids are not applicable to gases and vice 


versa. Furthermore, some hazard classes include explicit information on the 


relation to some other hazard classes: One example is that self-reactive 


substances and mixtures are not to be classified as explosives. In addition, there 


are further, more subtle conditions which lead to the conclusion that certain 


physical hazard classes should not be assigned simultaneously. However, there is 


no overall approach or clear guidance considering systematically all possible 


combinations of physical hazard classes. For example, can an explosive also be a 


flammable liquid, or can a self-heating substance also be an oxidizing liquid, or 


should a pyrophoric liquid additionally be classified as a flammable liquid etc.? 


Therefore, clarification with regard to those combinations that are ambiguous 


and/or in practice are interpreted in different ways would be highly beneficial for 


the purposes of a consistent and harmonized classification of chemicals all over 


the world.  


The question which physical hazard classes might be assigned simultaneously to 


a chemical is not trivial. Experience of the authors, as well as their exchange 


with other experts in this field has shown that there is no common understanding 


with regard to this question. However, in the course of the implementation of the 


GHS by countries or sectors and the actual application by industry all over the 


world, this question becomes more and more important. As one more milestone 


on the path to a globally harmonized system for the classification of chemicals, 


this should be discussed and ultimately solved on a global basis. For this 


purpose, this publication discusses all combinations of GHS physical hazard 


classes, assesses them with regard to their relevance and provides arguments 


for the conclusions drawn.  


2 Physical hazard classes according to the UN-GHS 


The classification criteria for physical hazards were derived from the classification 


system for the transport of dangerous goods (UN Recommendations on the 


Transport of Dangerous Goods ‒ Model Regulations, in the following referred to 


as UN-TDG)3. UN-TDG provides rules concerning the ranking of hazards, see 


Section 2.0.3 "Precedence of hazard characteristics" of the UN-TDG and 


Section 1.3 of the UN Manual of Tests and Criteria4. Could these rules serve also 


as a tool for the decision which classifications might be assigned simultaneously 


under the UN-GHS and which not? The precedence of hazards according to the 


UN-TDG aims at deciding which hazard is predominant (i.e. which hazard results 
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in the most stringent packing requirements) in case more than one hazard is 


applicable. The underlying assumption of the precedence rules according to 


UN-TDG is that already more than one hazard has been assigned to the 


chemical. However, it contains no information or instructions which combinations 


of hazards are possible or relevant a priori. Therefore, it might help to decide 


which hazard is predominant once the hazards have been assigned but cannot be 


used to decide about possible combinations of physical hazard classes according 


to the UN-GHS.  


All combinations of all 17 physical hazard classes of the GHS are discussed 


individually with regard to possible cross-classification in 2.1 to 2.17 below. 


Colors are allocated to all combinations based on the following considerations:  


Red: 


Combinations of hazard classes which are marked in red are undoubtedly not 


possible. There are two reasons for this:  


1. Some physical hazard classes cannot be assigned simultaneously because 


they are tied to a physical state, e.g. a gas cannot be classified in hazard 


classes foreseen for liquids and solids. Such combinations are additionally 


marked with a "p". 


2. Certain combinations of physical hazard classes are mutually exclusive 


based on explicit information in the UN-GHS itself. One example are self-


reactive substances and mixtures which are not classified as explosives (see 


GHS, section 2.8.2.1 (a)).  


Orange: 


Combinations of hazard classes which are marked in orange are not possible, 


e.g. due to restrictions related to the interpretation of test results or execution 


of the test methods or such combinations should be precluded, e.g. for safety 


reasons. Although this is not stated explicitly in the UN-GHS, there are more 


subtle but still good reasons for not classifying a chemical in the respective 


hazard classes simultaneously. 


Yellow: 


Combinations of hazard classes which are marked in yellow might be possible 


or are actually assigned in some (special) cases in practice. However, there 


might be practical problems because the criteria/test methods of one of the 


hazard classes cannot be applied properly due to properties associated with the 


other hazard class. At least such combinations are rare and should not be 


considered in general. 


Green: 


Combinations of hazard classes which are marked in green are possible and 


must be considered when classifying a chemical. 
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The following chapters 2.1 to 2.17 for the 17 GHS physical hazard classes may 


be read as "stand-alone"-chapters. They contain the assessment for possible and 


impossible cross-classifications of the respective hazard class together with 


either the explanation for the conclusion drawn or at least a reference to the 


explanation. Consequently, there are some repetitions. Table 1 in the Summary 


then assigns colors based on the above explanations to all cross-classifications of 


all physical hazard classes in order to provide an easy overview.  


2.1 Explosives 


Definition of Explosives according to the UN-GHS:  


An explosive substance or mixture 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 and pressure and at such a speed as to cause damage to the 


surroundings. Pyrotechnic substances are included even when they do not evolve 


gases.  


Combinations with explicit information in the GHS:  


Classification as explosive and as self-reactive substance and mixture is mutually 


exclusive based on Section 2.8.2.1 (a) of the UN-GHS. The same holds for 


explosives and desensitized explosives based on Note 4 in Section 2.17.2.2 of 


the GHS.  


Combinations without explicit information in the GHS: 


Although explosives can be contained in aerosols (e.g. nitroglycerin spray for 


medical use), it should be understood that their concentration must be so low 


that the mixture as a whole does not meet the criteria for classification as 


explosive (see also 2.3 below).  


Additional classification of explosives as flammable liquids, flammable solids, 


pyrophoric liquids, pyrophoric solids, self-heating substances and mixtures, 


oxidizing liquids, oxidizing solids and organic peroxides should not be required or 


even be explicitly precluded. The main reason is that the test methods for these 


other physical hazards should not be carried out with explosives for safety 


reasons because unexpected violent reactions or even a detonation might be 


initiated. In addition, such violent reactions would prevent correct interpretation 


of the test results (e.g. due to false-positive test results) and thus also a correct 


decision whether the criteria of these other hazard classes are met or not (see 


also the explanations in the respective chapters below). Furthermore, the hazard 


communication and the preventive and protective measures for explosives are in 


any case sufficient and do not need to be supplemented further. This holds also 


for the common explosives consisting of mixtures of combustible and oxidizing 


substances (e.g. ANFO or black powder).  
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UN Test N.5 for the classification of substances and mixtures which in contact 


with water emit flammable gases can be carried out with explosives and this 


combination is possible. This might apply e.g. when water-reactive metal 


powders are used in pyrotechnic mixtures. It should be noted though, that the 


reaction of such water-reactive substances may result in an explosive 


atmosphere of the flammable gas in air. This would cause an unnecessary 


additional risk for explosives, and thus commonly is avoided by the use of 


surface-inerted metal powders. Consequently, combination of these hazards is 


possible, but might apply only in some rare cases.  


A chemical classified as explosive may very well be corrosive to metals. 


Examples are ammonium nitrate containing explosives or hydroxylamine in 


concentrations of more than 55 % in aqueous solution. These are classified as 


both explosive and corrosive to metals according to the CLP-Regulation5. 


However, UN Test C.1 for the classification as corrosive to metals (Section 37 of 


the UN Test Manual) foresees heating of the test chemical to 55 °C for at least a 


week. Chemicals which are explosive should not be submitted to such a 


procedure for safety reasons. Therefore, classification as corrosive to metals in 


addition to classification as explosive should not be required. Only where the 


corrosivity is known based on experience, simultaneous classification is justified 


and reasonable.  


In summary, explosives should only be considered for classification as 


substances and mixtures which in contact with water emit flammable gases and 


possibly in some special as corrosive to metals. For an overview of all cross-


classifications see Table 1 in the Summary.  


2.2 Flammable gases 


Definition of Flammable gases according to the UN-GHS:  


A flammable gas is a gas having a flammable range with air at 20 °C and a 


standard pressure of 101.3 kPa.  


Furthermore this hazard class covers additional categories with the following 


definitions:  


A pyrophoric gas is a flammable gas that is liable to ignite spontaneously in air at 


a temperature of 54 °C or below.  


A chemically unstable gas is a flammable gas that is able to react explosively even 


in the absence of air or oxygen.  


Combinations with explicit information in the GHS:  


Flammable gases are not classified as aerosols based on Note 2 in 


Section 2.3.2.1 of the UN-GHS.  
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Combinations without explicit information in the GHS:  


Pure gases cannot exhibit flammable and oxidizing properties at the same time. 


A chemical having both, flammable properties and oxidizing properties would 


have to have different chemical structures / functional groups corresponding to 


these properties. To prevent (immediate) intramolecular reaction such chemical 


structures / functional groups would have to be clearly separated from each 


other. As gases are comparably small molecules, this is not possible. It should be 


noted though, that some oxidizing gases which are chemically unstable (such as 


ozone) could lead to a (false-)positive result when tested for flammability due to 


their ignitability which is owed to the chemical instability.  


Gas mixtures containing flammable and oxidizing components can in principle 


exhibit both flammable and oxidizing properties. According to ISO 101566, such 


mixtures are divided into 4 categories, depending on the amount of the 


flammable and oxidizing components: 'non-flammable and non-oxidizing', 


'oxidizing', 'flammable' and 'potentially explosive'. Potentially explosive mixtures 


are able to be both 'flammable' and 'oxidizing' according to the criteria of the 


UN-GHS. However, such mixtures shall not be filled in gas cylinders and shall not 


be transported (see section 2.2.4 of the UN-TDG). For handling such mixtures in 


process plants many countries have national explosion protection rules.  


Gases may very well be incompatible with certain metallic materials. However, 


the hazard class corrosive to metals, although not explicitly stating so, is aimed 


at liquids and, to a certain degree at solids (for detailed information see 2.16 


below). Consequently, gases are not classified as corrosive to metals in the 


sense of the GHS.  


Hence, the only hazard class which is additionally applicable to flammable gases 


is the hazard class gases under pressure. This hazard class has to be assigned in 


most cases, i.e. to every gas that is either under a pressure of more than 


200 kPa (2 bar) or (refrigerated and) liquefied or dissolved. For an overview of 


all cross-classifications see Table 1 in the Summary.  


2.3 Aerosols 


Definition of Aerosols according to the UN-GHS:  


Aerosols, this means aerosol dispensers, are any non-refillable receptacles made 


of metal, glass or plastics and containing a gas compressed, liquefied or dissolved 


under pressure, with or without a liquid, paste or powder, and fitted with a release 


device allowing the contents to be ejected as solid or liquid particles in suspension 


in a gas, as a foam, paste or powder or in a liquid state or in a gaseous state.  


                                       
  The corrosion of metals by gases is covered by ISO 11114-1 (referred to in the UN-TDG, 


sub-section 4.1.6.1.2 and 6.2.2.2). This standard assesses the compatibility of gases with 


metallic materials.  
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The hazard class of aerosols is unique in the sense that it is the only class that 


includes the receptacle in its definition. Depending on the intended use, aerosols 


can even consist of more than one receptacle the contents of which are mixed at 


the time of ejection from the receptacle (examples are adhesive sprays or 


2-component PU-foams). Such aerosols would need special considerations and 


the following discussion is limited to aerosols with one receptacle only.  


Combinations with explicit information in the GHS: 


The interface between aerosols and other physical hazard classes is complicated. 


This is also reflected by the fact that in the past years several Notes have been 


added to the UN-GHS aiming at clarification to that regard. Currently, there are 


Notes stating that aerosols do not fall additionally in the scope of the hazard 


classes for flammable gases, gases under pressure, flammable liquids and 


flammable solids but that they may fall into the scope of other hazard classes. A 


further Note informs (but does not actually prohibit) that the flammable 


components of aerosol contents do not cover pyrophoric, self-heating or water-


reactive chemicals.  


Combinations without explicit information in the GHS: 


For some of the other hazard classes, which are not mentioned explicitly in the 


Notes, it is rather clear that they shall not be contained in an aerosol receptacle 


for safety reasons. Mixtures that are classified as explosives, self-reactive 


substances and mixtures, organic peroxides or desensitized explosives should 


not be contained in aerosol receptacles. It must be understood though, that 


chemicals with these hazards may be contained in low concentrations*, not 


leading to classification of the contents as a whole (for example nitroglycerin 


sprays for medical use).  


Oxidizing substances and mixtures may very well be contained in aerosols. One 


example is dinitrogen oxide (laughing gas) which is an oxidizing gas used as 


propellant especially in aerosol dispensers for food. Generally, aerosols contain a 


gaseous and a liquid phase. However, the UN-GHS criteria for oxidizing chemicals 


are linked to the physical state. In order to enable application of the GHS criteria, 


classification as oxidizing might be based on either of the phases contained in an 


aerosol dispenser. Classification of an aerosol as oxidizing would result if the 


gaseous phase fulfills the criteria for oxidizing gases or the liquid phase those for 


oxidizing liquids, respectively†.  


                                       
*  Generally, the amount is about a few mg per dispenser.  
†  In principle, the same would apply to oxidizing solids, should a solid phase be contained in 


an aerosol (although not known to the authors, this might be the case e.g. for stain 


removers). 
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The liquid phase of an aerosol may also be corrosive to metals and in that case 


the aerosol should also be classified accordingly*.  


Sometimes compressed gases without liquid phase are contained in aerosol 


receptacles (e.g. gas mixtures for analytical use). In such cases, it is not possible 


to apply the flammability tests according to flow-charts 2.3 (b) or (c) of the GHS 


because these tests are limited to spray and foam applications; pure compressed 


gases would not create a spray or foam when released. The authors recommend 


to regard and classify these as gases under pressure and, additionally, as 


flammable gases or oxidizing gases (as applicable).  


In summary, aerosols might additionally be classified as oxidizing gases, 


oxidizing liquids and corrosive to metal. For an overview of all cross-


classifications see Table 1 in the Summary.  


2.4 Oxidizing gases 


Definition of Oxidizing gases according to the UN-GHS:  


An oxidizing gas is any gas which may, generally by providing oxygen, cause or 


contribute to the combustion of other material more than air does.  


Combinations without explicit information in the GHS: 


Generally, simultaneous classification of gases as flammable and oxidizing is not 


applicable (for detailed explanations see 2.2 above).  


If the gaseous phase of an aerosol meets the criteria for oxidizing gases, the 


aerosol should also be classified as oxidizing gas (see also the explanations in 


2.3 above).  


Generally, gases are not classified as corrosive to metals in the sense of the 


UN-GHS (for the explanation see 2.16 below).  


Hence, the only hazard classes additionally applicable to oxidizing gases are 


aerosols or gases under pressure, as applicable (but not both because 


classification as aerosol and gas under pressure is mutually exclusive). The 


hazard class gases under pressure has to be assigned in most cases, i.e. to every 


gas that is under a pressure of more than 200 kPa (2 bar) or (refrigerated and) 


liquefied or dissolved. For an overview of all cross-classifications see Table 1 in 


the Summary.  


                                       
*  Aerosol receptacles may very well consist of glass or plastics.  
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2.5 Gases under pressure 


Definition of Gases under pressure according to the UN-GHS:  


Gases under pressure are gases which are contained in a receptacle at a pressure 


of 200 kPa (gauge) or more at 20 °C, or which are liquefied or liquefied and 


refrigerated. They comprise compressed gases, liquefied gases, dissolved gases 


and refrigerated liquefied gases.  


Combinations with explicit information in the GHS: 


Gases under pressure are not classified as aerosols based on the Note in 


Section 2.5.2.1 of the UN-GHS. The pressure hazard of gases in aerosol 


dispensers is inherently taken care of by the classification as aerosol and the 


according hazard communication.  


Combinations without explicit information in the GHS: 


Generally, gases are not classified as corrosive to metals in the sense of the 


UN-GHS (for the explanation see 2.16 below).  


Hence, the only hazard classes which are additionally applicable to gases under 


pressure are flammable gases or oxidizing gases. These hazard classes cannot be 


assigned simultaneously, though (see 2.2 above). For an overview of all cross-


classifications see Table 1 in the Summary.  


2.6 Flammable liquids 


Definition of Flammable liquids according to the UN-GHS:  


A flammable liquid means a liquid having a flash point of not more than 93 °C.  


Combinations with explicit information in the GHS: 


Simultaneous classification of chemicals as flammable liquids and aerosols is not 


applicable based on Note 4 in Section 2.6.2 of the UN-GHS. If flammable liquids 


are contained in an aerosol dispenser, the flammability hazard is reflected by the 


respective category within the hazard class of aerosols.  


Combinations without explicit information in the GHS: 


In many cases, correct determination of the flash point of liquid explosives, self-


reactive substances and mixtures, organic peroxides or desensitized explosives is 


not possible due to violent reactions (e.g. exothermic decomposition or even 


detonation). The flash point therefore cannot be used as a systematic criterion 


for classification of such energetic substances. Furthermore, the hazard 


communication and also the preventive and protective measures for explosives, 
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self-reactive substances and mixtures, organic peroxides and desensitized 


explosives inherently cover the flammability hazard. The only exceptions might 


be self-reactive substances and mixtures and organic peroxides of type G. 


Type G has no hazard communication elements and shows only weak exothermic 


decomposition so that it is normally possible to determine a flash point. Hence, 


simultaneous classification of flammable liquids as self-reactive substances and 


mixtures or organic peroxides of type G is applicable. Generally, this would be 


the case if a flammable liquid is used as "diluent" for self-reactive substances 


and mixtures or organic peroxides of type G.  


Prior to flash point determination, a liquid should be checked for pyrophoric 


properties if there is evidence due to its chemical structure (e.g. organometallic 


compounds, silanes). Clearly, pyrophoric liquids have a flash point below ambient 


temperature, otherwise they would not ignite in contact with air without an 


ignition source. That means the hazard covered by classification as flammable 


liquid is covered inherently by classification as pyrophoric liquid.  


Generally, self-heating substances and mixtures are solids (for the explanation 


see 2.11 below) and therefore simultaneous classification as flammable liquid is 


generally not applicable.  


In some rather rare cases, molecules or mixtures could comprise chemical 


structures / functional groups causing both, flammable and oxidizing properties. 


However, if flammable liquids are subjected to UN Test O.2 for oxidizing liquids, 


it should be kept in mind that a false-positive result might be obtained, simply 


due to the burning of the flammable liquid and the cellulose. In such cases, it is 


not possible to interpret the test results and to correctly apply the classification 


criteria for oxidizing liquids. Moreover, it has to be pointed out that oxidizing 


liquids generally are aqueous solutions of oxidizing solids and therefore are not 


candidates for classification as flammable liquids anyway.  


In summary, flammable liquids might be classified as substances and mixtures 


which in contact with water emit flammable gases and/or corrosive to metals in 


addition. For an overview of all cross-classifications see Table 1 in the Summary.  


2.7 Flammable solids 


Definition of Flammable solids according to the UN-GHS:  


A flammable solid is a solid which is readily combustible, or may cause or 


contribute to fire through friction.  


Combinations with explicit information in the GHS: 


Flammable solids are not classified as aerosols based on Note 4 in Section 2.6.2 


of the UN-GHS. If flammable solids are contained in an aerosol dispenser, the 
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flammability hazard is reflected by the respective category within the hazard 


class of aerosols.  


Combinations without explicit information in the GHS: 


The hazard classes explosives, self-reactive substances and mixtures, organic 


peroxides and desensitized explosives cover a predominant hazard. Chemicals 


with these hazards should not be submitted to UN Test N.1 to be used for the 


classification of flammable solids. Test N.1 requires a considerable amount of test 


sample to be ignited and this may lead to unforeseen violent reactions if the 


chemical is explosive, self-reactive, an organic peroxide or a desensitized 


explosive. The flammability hazard is already considered appropriately in these 


hazard classes. For explosives of division 1.3 and 1.4 the fire hazard is 


mentioned explicitly in the hazard statement. For self-reactive substances and 


mixtures and organic peroxides of types B to F and for desensitized explosives of 


all 4 categories, the flame pictogram is assigned and the fire hazard is also 


explicitly mentioned in the hazard statement. Hence, chemicals that are 


classified as explosives, self-reactive substances and mixtures, organic peroxides 


or desensitized explosives should not and need not be classified as flammable 


solids in addition. The only exceptions are self-reactive substances and mixtures 


and organic peroxides of type G. These have no hazard communication elements 


assigned, and the UN-GHS states explicitly that they should be considered for 


classification in other hazard classes. Generally, this would apply if a flammable 


solid is used as "diluent" for self-reactive substances and mixtures or organic 


peroxides of type G.  


Pyrophoric solids self-ignite in air. Hence, they would ignite over the length of 


the strip or powder train according to UN Test N.1 which is used for the 


classification of flammable solids and a burning rate over its length cannot be 


determined.  


Just as for liquids (see 2.6 above), it is possible that flammable solids react with 


water under the generation of a flammable gas. Thus, they have to be 


considered for classification as substances and mixtures which in contact with 


water emit flammable gases.  


In some rather rare cases, the molecules of a substance or the different 


substances of a mixture could comprise chemical structures / functional groups 


causing both flammable and oxidizing properties. However, if flammable solids 


are subjected to UN Test O.1 or O.3 which is used for the classification of 


oxidizing solids, it should be kept in mind that a false-positive result might be 


observed due to the burning rate of the flammable solid and the cellulose. 


Hence, it is not possible to interpret the test results and to correctly apply the 


classification criteria for oxidizing solids.  


The classification of solids as corrosive to metals might be relevant in some cases 


but is not generally applicable (for the explanation see 2.16 below).  
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Thus, flammable solids might be classified as self-heating substances and 


mixtures, substances and mixtures which in contact with water emit flammable 


gases and possibly in some cases as corrosive to metals in addition. For an 


overview of all cross-classifications see Table 1 in the Summary.  


2.8 Self-reactive substances and mixtures 


Definition of Self-reactive substances and mixtures according to the UN-GHS:  


Self-reactive substances or mixtures are thermally unstable liquid or solid 


substances or mixtures liable to undergo a strongly exothermic decomposition 


even without participation of oxygen (air). This definition excludes substances and 


mixtures classified under the GHS as explosives, organic peroxides or as oxidizing.  


Combinations with explicit information in the GHS: 


Self-reactive substance and mixtures are not classified as explosives or organic 


peroxides according to their classification criteria, see Section 2.8.2.1 of the 


UN-GHS. The criteria also preclude oxidizing liquids and oxidizing solids except 


that mixtures of oxidizing substances containing more than 5 % of combustible 


organic substances shall be subjected to the classification procedure for self-


reactive substance and mixtures, see also Section 2.8.2.1 of the GHS. If such a 


mixture meets the criteria for classification as self-reactive, the reverse principle 


should apply and no additional classification as oxidizing should be required.  


The hazard class for desensitized explosives foresees consideration for other 


hazard classes if the exothermic decomposition energy is less than 300 J/g, see 


Note 1 in Section 2.17.2.1 of the GHS. However, substances and mixtures with a 


heat of decomposition of less than 300 J/g are explicitly precluded from 


classification as self-reactive, see Section 2.8.2.1 of the GHS. Therefore, 


classification as self-reactive and desensitized explosive is mutually exclusive.  


Combinations without explicit information in the GHS: 


For liquid self-reactive substances and mixtures it might not be possible to 


determine the flash point due to decomposition of the test substance during flash 


point testing. Similarly, UN Test N.1 for the classification of flammable solids 


cannot be interpreted correctly for solid self-reactives. Moreover, additional 


classification as flammable liquid or flammable solid is not needed for the 


purposes of hazard communication. The flame pictogram is assigned to self-


reactive substances and mixtures of types B to F anyway, and the fire hazard is 


explicitly pointed out in the hazard statement. Clearly, the flammability hazard is 


supposed to be covered inherently within the hazard class of self-reactives. The 


only exception are self-reactive substances and mixtures of type G. Type G has 


no hazard communication elements and the UN-GHS states explicitly that they 


should be considered for classification in other hazard classes. Generally, this 


would apply if a flammable liquid or solid is used as "diluent" for self-reactives.  
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Pyrophoric liquids and solids ignite in contact with air without needing an ignition 


source so that the test methods for self-reactive substances and mixtures cannot 


be carried out with pyrophoric liquids and solids. Thus, the criteria are not 


applicable to them and combined classification should not be considered but 


rather be explicitly precluded.  


Classification of self-heating substances and mixtures requires heating of a 


sample at temperatures up to 140 °C. This temperature is above the limiting 


criterion for the self-accelerating decomposition temperature (SADT) of 75 °C for 


self-reactive substances and mixtures. That means any self-reactive substance or 


mixture would decompose prior to self-heating properties becoming effective.  


Self-reactive substances and mixtures can also be water-reactive. However, this 


will rarely be the case and additional classification as substances and mixtures 


which in contact with water emit flammable gases does have to be considered 


only if they contain also metals, see the waiving criteria in Section 2.12.4.2 of 


the GHS.  


As the test procedure for corrosive to metals requires heating of the test 


substance to 55 °C for at least a week, this should be avoided for thermally 


unstable chemicals for safety reasons. Thus, additional classification of self-


reactives as corrosive to metals should not be required in general (see also 2.16 


below).  


In summary, self-reactive substances and mixtures should only be considered for 


classification as substances and mixtures which in contact with water emit 


flammable gases and possibly as corrosive to metal. For an overview of all cross-


classifications see Table 1 in the Summary.  


2.9 Pyrophoric liquids 


Definition of Pyrophoric liquids according to the UN-GHS:  


A pyrophoric liquid is a liquid which, even in small quantities, is liable to ignite 


within five minutes after coming into contact with air.  


Combinations with explicit information in the GHS: 


Note 1 in Section 2.3.2.1 of the UN-GHS states that flammable components in 


aerosols do not cover pyrophoric chemicals. Hence, pyrophoric liquids would not 


be contained in aerosols according to Chapter 2.3 of the GHS.  


Furthermore, self-heating substances and mixtures are precluded from 


classification as pyrophoric by their definition.  
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Combinations without explicit information in the GHS: 


Pyrophoric liquids ignite without an external ignition source in air. Auto-ignition 


or self-ignition of the substance under investigation prohibits conduction of the 


tests for the classification of explosives, self-reactive substances and mixtures, 


organic peroxides and desensitized explosives. Therefore, it would be beneficial if 


according information was added to the UN-GHS pointing out that classification 


as pyrophoric and explosive, self-reactive, organic peroxide or desensitized 


explosive is mutually exclusive.  


The question whether pyrophoric liquids might be additionally classified as 


flammable liquids, is probably viewed quite controversially. Clearly, liquids that 


are pyrophoric (i.e. they ignite in contact with air without an ignition source) 


fulfill the criteria for classification as flammable liquids (ignition of the vapor in 


air by an ignition source). Hence, classification as pyrophoric inherently covers 


the flammability hazard. This is also clearly communicated by the flame and the 


hazard statement assigned to pyrophoric liquids. Consequently, liquids classified 


as pyrophoric do not need to be classified as flammable in addition.  


Simultaneous classification of pyrophoric liquids as substances and mixtures 


which in contact with water emit flammable gases is possible. The according UN 


Test N.5 explicitly requires that pyrophoric substances are tested under nitrogen 


atmosphere.  


Oxidizing liquids are classified based on their pressure rise time when reacting 


with cellulose in UN Test O.2. However, pyrophoric liquids auto-ignite in air and 


conduction of the test is difficult if not impossible. Thus, simultaneous 


classification of liquids as pyrophoric and oxidizing should not be required.  


In principle, the test for corrosive to metals could be carried out under nitrogen 


so that pyrophoric liquids could also be classified as corrosive to metals.  


In summary, pyrophoric liquids may additionally be classified as substances and 


mixtures which in contact with water emit flammable gases and as corrosive to 


metal. For an overview of all cross-classifications see Table 1 in the Summary.  


2.10 Pyrophoric solids 


Definition of Pyrophoric solids according to the UN-GHS:  


A pyrophoric solid is a solid which, even in small quantities, is liable to ignite 


within five minutes after coming into contact with air.  


Combinations with explicit information in the GHS:  


Note 1 in Section 2.3.2.1 of the UN-GHS states that flammable components in 


aerosols do not cover pyrophoric, self-heating or water-reactive chemicals. 
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Hence, pyrophoric solids would not be contained in aerosols according to 


Chapter 2.3 of the GHS.  


Furthermore, self-heating substances and mixtures are precluded from 


classification as pyrophoric by their definition.  


Combinations without explicit information in the GHS: 


As detailed in 2.9 above, pyrophoric substances should not be explosive, self-


reactive, organic peroxides or desensitized explosives. According information 


should be added to the GHS.  


Pyrophoric solids self-ignite in air. Hence, a burning rate as used to classify 


flammable solids is not applicable. They would ignite over the length of the strip 


or powder train according to UN Test N.1 and a burning rate over its length 


cannot be determined. Consequently, the criteria for flammable solids cannot be 


applied to pyrophoric solids and classification of a solid as pyrophoric and 


flammable is mutually exclusive. Also, the hazard statement for flammable solids 


is not adding any helpful information on top of that applied to pyrophoric solids.  


Simultaneous classification of pyrophoric solids as substances and mixtures 


which in contact with water emit flammable gases is possible. The according UN 


Test N.5 explicitly requires that pyrophoric substances are tested under nitrogen 


atmosphere. Hence, pyrophoric solids have to be considered for classification as 


substances and mixtures which in contact with water emit flammable gases in 


addition.  


Oxidizing solids are classified based on the burning rate when reacting with 


cellulose in UN Test O.1 or O.3. However, pyrophoric solids self-ignite in air and 


burning of the powder train (Test O.1) or pile (Test O.3) would occur 


immediately and regardless of the presence of cellulose. Hence, the criteria for 


oxidizing solids cannot be applied to pyrophoric solids and parallel classification 


in these hazard classes should not be required but rather be precluded.  


The classification of solids as corrosive to metals might be relevant in some cases 


but is not generally applicable (for the classification of solids as corrosive to 


metals see 2.16 below).  


In summary, pyrophoric solids should only be considered for additional 


classification as substances and mixtures which in contact with water emit 


flammable gases. Due to the physical state, classification as corrosive to metal 


might apply in special cases only. For an overview of all cross-classifications see 


Table 1 in the Summary.  
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2.11 Self-heating substances and mixtures 


Definition of Self-heating substances and mixtures according to the UN-GHS:  


A self-heating substance or mixture is a solid or liquid substance or mixture, other 


than a pyrophoric liquid or solid, which, by reaction with air and without energy 


supply, is liable to self-heat; this substance or mixture differs from a pyrophoric 


liquid or solid in that it will ignite only when in large amounts (kilograms) and after 


long periods of time (hours or days).  


Combinations with explicit information in the GHS: 


Self-heating substances and mixtures are precluded from classification as 


pyrophoric by their definition.  


Furthermore, Note 1 in Section 2.3.2.1 of the UN-GHS states that flammable 


components in aerosols do not cover pyrophoric, self-heating or water-reactive 


chemicals. Hence, self-heating substances and mixtures would not be contained 


in aerosols according to Chapter 2.3 of the GHS.  


Combinations without explicit information in the GHS: 


Although the definition of self-heating substances and mixtures includes also 


liquids, generally only solids are classified as self-heating. The reason is that 


liquids have too small a surface in contact with air in order to be self-heating 


(except when adsorbed on solids with a large surface area). Furthermore, the 


test method cannot be carried out with liquids because test samples have to be 


put into a container with a fixed mesh size. Therefore, self-heating substances 


and mixtures generally are not classified in those hazard classes that are 


foreseen for liquids, i.e. they are not classified as flammable liquids or oxidizing 


liquids. Furthermore, the classification as corrosive to metals might be relevant 


in some cases only but is not generally applicable (for the classification of solids 


as corrosive to metals see 2.16 below).  


UN Test N.4 for the classification of self-heating substances and mixtures 


requires heating of the substance up to 140 °C within an oven. For safety 


reasons, this should not be done with explosives or desensitized explosives. 


Furthermore, this temperature is well above the limiting criterion for the self-


accelerating decomposition temperature (SADT) of 75 °C for self-reactive 


substances and mixtures. That means any self-reactive substance or mixture 


would decompose before self-heating properties become effective. The same 


applies to organic peroxides which (according to their definition) are thermally 


unstable and therefore would decompose before self-heating properties are 


observable. Hence, additional classification of explosives, self-reactive 


substances and mixtures, organic peroxides and desensitized explosives as self-


heating should not be required but should preferably be precluded explicitly.  
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Consequently, self-heating substances and mixtures have to be considered for 


classification as flammable solids, substances and mixtures which in contact with 


emit flammable gases, oxidizing solids and possibly in some cases as corrosive to 


metals in addition. For an overview of all cross-classifications see Table 1 in the 


Summary.  


2.12 Substances and mixtures which in contact with water emit 


flammable gases 


Definition of Substances and mixtures which in contact with water emit 


flammable gases according to the UN-GHS:  


Substances or mixtures which, in contact with water, emit flammable gases are 


solid or liquid substances or mixtures which, by interaction with water, are liable to 


become spontaneously flammable or to give off flammable gases in dangerous 


quantities.  


Combinations with explicit information in the GHS: 


The classification criteria for aerosols of the UN-GHS contain a note stating that 


flammable components in aerosols do not cover water-reactive chemicals thus 


excluding substances and mixtures which in contact with water emit flammable 


gases in aerosols.  


Combinations without explicit information in the GHS: 


UN Test N.5 for the classification of substances and mixtures which in contact 


with water emit flammable gases can be carried out with explosives and 


desensitized explosives and these combinations are possible. This might apply 


e.g. when water-reactive metal powders are used in pyrotechnic mixtures. It 


should be noted though, that the reaction of substances and mixtures which in 


contact with water emit flammable gases may result in an explosive atmosphere 


of the flammable gas in air. For explosives and desensitized explosives this would 


cause an unnecessary additional risk. For pyrotechnic mixtures this is commonly 


avoided by the use of surface-inerted metal powders. Desensitized explosives are 


diluted with a phlegmatizer by definition and often water is used for this purpose, 


so that such a combination would be very uncommon and apply only if other 


phlegmatizers than water are used. Therefore, the combination of these hazards 


is possible, but highly unlikely.  


Formally, water-reactive chemicals can also be self-reactive. However, this will 


rarely be the case and simultaneous classification as self-reactive and water-


reactive does have to be considered only if metals are contained in the molecular 


structure, see the waiving criteria in Section 2.12.4.2 of the UN-GHS.  


UN Test N.5 for the classification of substances and mixtures which in contact 


with water emit flammable gases explicitly foresees testing of pyrophoric 
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substances (which then has to be carried under nitrogen). Therefore, 


simultaneous classification of water-reactive substances as pyrophoric liquid or 


solid is possible and has to be considered.  


Commercially used organic peroxides do not contain metals because these might 


catalyze intramolecular decomposition reactions of the organic peroxide. On the 


other hand, substances and mixtures which in contact with water emit flammable 


gases contain metals, see section 2.12.4.2 of the GHS. Thus, classification as 


organic peroxide and substances and mixtures which in contact with water emit 


flammable gases is generally mutually exclusive.  


Substances and mixtures which in contact with water emit flammable gases, 


especially if they are liquid, may very well be corrosive to metals and 


combination of these classifications can be appropriate. For the classification of 


solids as corrosive to metals see 2.16 below.  


Hence, substances and mixtures which in contact with water emit flammable 


gases generally have to be considered for classification as flammable liquids, 


flammable solids, pyrophoric liquids, pyrophoric solids, self-heating substances 


and mixtures, oxidizing liquids, oxidizing solids and corrosive to metals. 


Additional classification as explosives, self-reactive substances and mixtures and 


desensitized explosives is possible in principal, but rarely applies. For an 


overview of all cross-classifications see Table 1 in the Summary.  


2.13 Oxidizing liquids 


Definition of Oxidizing liquids according to the UN-GHS:  


An oxidizing liquid is a liquid which, while in itself not necessarily combustible, 


may, generally by yielding oxygen, cause, or contribute to, the combustion of 


other material.  


Combinations with explicit information in the GHS: 


According to the classification criteria for self-reactive substances and mixtures, 


oxidizing liquids and solids are precluded from classification as self-reactive (for 


mixtures of oxidizing substances containing combustible organic substances see 


2.8 above).  


Combinations without explicit information in the GHS: 


UN Test O.2 for the classification of oxidizing liquids foresees heating of the test 


substance mixed with cellulose. This might result in unforeseen violent reactions 


when performed with explosives or desensitized explosives and should be 


avoided for safety reasons. Moreover, false-positive test results might be 


obtained preventing correct interpretation of the test results and thus a correct 


decision whether the criteria for classification as oxidizing liquid are met or not. 
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Consequently, simultaneous classification as explosive and oxidizing should be 


precluded.  


For the classification of the contents of aerosol dispensers see 2.3 above. 


According to that proposal, simultaneous classification as oxidizing liquid and 


aerosol is possible if a liquid phase meeting the criteria for oxidizing liquids is 


contained in an aerosol dispenser.  


In some cases, molecules or mixtures could comprise chemical structures / 


functional groups causing both flammable and oxidizing properties. However, if 


flammable liquids are subjected to UN test O.2 for the classification of oxidizing 


liquids, it should be kept in mind that a false-positive result might be obtained, 


simply due to the burning of the flammable liquid and the cellulose. 


Consequently, it is not possible to interpret the test results and to correctly apply 


the classification criteria for oxidizing liquids. Moreover, it has to be pointed out 


that oxidizing liquids generally are aqueous solutions of oxidizing solids and 


therefore are not candidates for classification as flammable liquids anyway.  


Oxidizing liquids are classified based on the pressure rise time when reacting 


with cellulose in UN Test O.2. However, pyrophoric liquids auto-ignite in air and 


proper conduction of the test is at least difficult if not impossible. Therefore, 


pyrophoric liquids should not be subject to additional classification as oxidizing.  


Given that self-heating substances and mixtures generally are solids (for the 


explanation see 2.11 above), oxidizing liquids normally would not be classified as 


self-heating substances and mixtures in addition.  


Organic peroxides should be explicitly precluded from classification as oxidizing 


solids (for detailed explanations see 2.15 below).  


Hence, oxidizing liquids may be classified as aerosols (when contained in an 


aerosol dispenser), substances and mixtures which in contact with water emit 


flammable gases and corrosive to metals in addition. For an overview of all 


cross-classifications see Table 1 in the Summary.  


2.14 Oxidizing solids 


Definition of Oxidizing solids according to the UN-GHS:  


An oxidizing solid is a solid which, while in itself is not necessarily combustible, 


may, generally by yielding oxygen, cause, or contribute to, the combustion of 


other material.  


Combinations with explicit information in the GHS: 


According to the classification criteria for self-reactive substances and mixtures, 


oxidizing liquids and solids are precluded from classification as self-reactive (for 
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mixtures of oxidizing substances containing combustible organic substances see 


2.8 above).  


Combinations without explicit information in the GHS: 


UN Test O.1 and O.3 for the classification of oxidizing solids foresee burning of 


the test substance when mixed with cellulose in order to determine the burning 


rate. This might result in unforeseen violent reactions or false-positive results 


when performed with explosives or desensitized explosives. In any case, it would 


prevent correct interpretation of the test results and thus also a correct decision 


whether the criteria for classification as oxidizing solids are met or not. 


Therefore, additional classification of explosives and desensitized explosives as 


oxidizing should not be required or even be explicitly precluded.  


In principle, an aerosol dispenser might contain a solid phase classified as 


oxidizing, in which case the aerosol should also be classified as such, however, 


this is deemed quite unlikely (see also 2.3 above).  


In some cases, chemicals could comprise different chemical structures / 


functional groups causing both flammable and oxidizing properties. However, if 


flammable solids are subjected to UN Test O.1 or O.3 for the classification of 


oxidizing solids, it should be kept in mind that a false-positive result might be 


observed, simply due to the burning rate of the flammable solid and the 


cellulose. Consequently, it is not possible to interpret the test results and to 


correctly apply the classification criteria for oxidizing solids.  


Oxidizing solids are classified based on their burning rate when reacting with 


cellulose in UN Test O.1 or O.3. However, pyrophoric solids self-ignite in air and 


hence burning of the powder train (Test O.1) or pile (Test O.3) would occur 


regardless of the presence of cellulose. Therefore, pyrophoric solids should not 


be subject to additional classification as oxidizing.  


Organic peroxides should be explicitly precluded from classification as oxidizing 


solids (for detailed explanations see 2.15 below).  


The classification of solids as corrosive to metals might be relevant in some cases 


but is not generally applicable (for the question of classification of solids as 


corrosive to metals see 2.16 below).  


Hence, oxidizing solids may be classified as self-heating substances and mixtures 


and substances and mixtures which in contact with water emit flammable gases 


in addition and possibly in some cases as corrosive to metals. For an overview of 


all cross-classifications see Table 1 in the Summary.  
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2.15 Organic peroxides 


Definition of Organic peroxides according to the UN-GHS:  


Organic peroxides are liquid or solid substances which contain the 


bivalent -O-O- structure and may be considered derivatives of hydrogen peroxide, 


where one or both of the hydrogen atoms have been replaced by organic radicals. 


The term also includes organic peroxide formulations (mixtures) Organic peroxides 


are thermally unstable substances or mixtures, which may undergo exothermic 


self-accelerating decomposition. In addition, they may have one or more of the 


following properties:  


(a) be liable to explosive decomposition;  


(b) burn rapidly;  


(c) be sensitive to impact or friction;  


(d) react dangerously with other substances.  


Combinations with explicit information in the GHS: 


Organic peroxides are not classified as self-reactive substances and mixtures 


based on the classification criteria for self-reactives, see Section 2.8.2.1 of the 


UN-GHS*.  


Combinations without explicit information in the GHS: 


Organic peroxides may very well have explosive properties. These are identified 


by various tests for their detonation and deflagration properties, the effects of 


heating under confinement and their explosive power in the course of their 


categorization. Depending on the results, the hazard communication elements 


are assigned (via the types). Thus, it is the intention of the UN-GHS to inherently 


cover explosive properties within the hazard class of organic peroxides and 


additional classification as explosive is not intended, redundant and also not 


necessary for the purposes of hazard communication. This should be clarified in 


the GHS. The same principle and arguments apply to desensitized explosives.  


Even though organic peroxides may be contained as ingredients in aerosols, it 


must be understood, that their concentration is so low that the contents as a 


whole would not be classified as organic peroxide (see also 2.3 above).  


In many cases, correct determination of the flash point of liquid organic 


peroxides is not possible due to exothermic decomposition or other dangerous 


reactions. The same holds for solid organic peroxides with regard to the 


determination of the burning rate according to UN Test N.1 applied for the 


                                       
*  It has to be noted, that mixtures containing organic peroxides with an active oxygen 


content ≤ 1 % (i.e. not classified as organic peroxides) and e.g. a monomer should be 


considered for classification as self-reactive.  
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classification of flammable solids (see 2.6 and 2.7 above). The only exception for 


simultaneous classification might be organic peroxides of type G. Generally, this 


would apply to organic peroxides of type G if a flammable liquid or solid is used 


as "diluent"  


As organic peroxides are thermally unstable, they generally cannot be classified 


as pyrophoric liquids or solids or self-heating substances and mixtures (see also 


2.9, 2.10 and 2.11 above).  


Commercially used organic peroxides do not contain metals because these might 


catalyze intramolecular decomposition reactions of the organic peroxide. On the 


other hand, all substances and mixtures which in contact with water emit 


flammable gases contain metals, see Section 2.12.4.2 of the GHS. Therefore 


classification of organic peroxides as water-reactive is generally mutually 


exclusive.  


Generally, organic peroxides have only weak oxidizing properties and, quite 


contrary, are fuels and not oxidizers7. However, when organic peroxides are 


subjected to the tests for oxidizing liquids or solids, a (false-)positive test result 


is to be expected (irrespective of the presence of the cellulose) so that correct 


application of the criteria for oxidizing substances is not possible. Furthermore, 


the hazard communication for oxidizing liquids and solids would not complement 


that for organic peroxides in a meaningful way. Thus, organic peroxides should 


be explicitly precluded from classification as oxidizing.  


The test procedure for corrosive to metals requires heating of the test substance 


to 55 °C for at least a week, which should be avoided for thermally unstable 


substances. Therefore, classification of organic peroxides as corrosive to metals 


should not be required in general (see also 2.16 below).  


In summary, organic peroxides generally need not be considered for 


classification in other physical hazard classes. Additional classification as 


corrosive to metal might apply only in some special cases. For an overview of all 


cross-classifications see Table 1 in the Summary.  


2.16 Corrosive to metals 


Definition of Corrosive to metals according to the UN-GHS:  


A substance or mixture which is corrosive to metals is a substance or a mixture 


which by chemical action will materially damage, or even destroy, metals.  


Combinations without explicit information in the GHS: 


A gas or a solid may very well be corrosive to metals. However, the test method 


for classification as corrosive to metals requires a liquid phase as test substance. 


It cannot be applied to gases, even not with adaptations. Hence, the 


classification of flammable gases, oxidizing gases and gases under pressure as 
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corrosive to metals is not applicable. For solids this is different: Although testing 


of solids is not addressed specifically, these might be tested e.g. in the melted 


state or when dissolved. However, there is no information what temperatures or 


concentrations would be appropriate or should be applied. Consequently, the 


classification of flammable solids, pyrophoric solids, self-heating substances and 


mixtures and oxidizing solids would apply in some special cases only.  


The testing procedure for corrosive to metals requires heating of the test 


substance to 55 °C for at least a week. For safety reasons, this should be 


avoided for energetic or thermally unstable substances. Hence, additional 


classification of explosives, self-reactive substances and mixtures, organic 


peroxides and desensitized explosives as corrosive to metals should not be 


required. Only in cases, where the corrosivity is known based on experience, 


simultaneous classification is justified and reasonable.  


In principle, the test for corrosive to metals could be carried out under nitrogen 


so that pyrophoric liquids might be classified as corrosive to metals in addition.  


Hence, aerosols, flammable liquids, pyrophoric liquids, substances and mixtures 


which in contact with water emit flammable gases and oxidizing liquids should be 


considered for classification as corrosive to metals in addition. For an overview of 


all cross-classifications see Table 1 in the Summary.  


2.17 Desensitized explosives 


Definition of Desensitized explosives according to the UN-GHS:  


Desensitized explosives are solid or liquid explosive substances or mixtures which 


are phlegmatized to suppress their explosive properties in such a manner that 


they do not mass explode and do not burn too rapidly and therefore may be 


exempted from the hazard class 'Explosives' (Chapter 2.1; see also Note 2 of 


paragraph 2.1.2.2).  


Combinations with explicit information in the GHS:  


Desensitized explosives are not classified as explosives based on Note 4 in 


Section 2.17.2.2 of the UN-GHS.  


Combinations without explicit information in the GHS: 


Although explosives and therefore also desensitized explosives might be 


contained in aerosols (e.g. nitroglycerin spray for medical use), it should be 


understood that their concentration must always be so low* that the contained 


mixture would not fulfill the criteria for classification as desensitized explosive 


(see also 2.3 above).  


                                       
*  Generally the amount is about a few mg per dispenser. 
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Classification of desensitized explosives as flammable liquids, flammable solids, 


pyrophoric liquids, pyrophoric solids, self-heating substances and mixtures, 


oxidizing liquids and oxidizing solids should not be required or preferably be 


explicitly precluded. The main reason is that the test methods for these other 


physical hazards should not be carried out with desensitized explosives for safety 


reasons because unexpected violent reactions or even a detonation might be 


initiated. In addition, such violent reactions would prevent correct interpretation 


of the test results (e.g. due to false-positive test results) and thus also a correct 


decision whether the criteria of these other hazard classes are met or not. 


Furthermore, the hazard communication and also the preventive and protective 


measures to be taken for desensitized explosives are predominant and more 


specific and thus do not need to be supplemented further.  


The hazard class for desensitized explosives foresees consideration for other 


hazard classes if the exothermic decomposition energy is less than 300 J/g, see 


Note 1 in Section 2.17.2.1 of the GHS. However, substances and mixtures with a 


heat of decomposition of less than 300 J/g are explicitly precluded from 


classification as self-reactive, see Section 2.8.2.1 of the GHS. Therefore, 


classification as self-reactive and desensitized explosive is mutually exclusive.  


UN Test N.5 for the classification of substances and mixtures which in contact 


with water emit flammable gases can be carried out with desensitized explosives 


and in principal this combination is possible. It should be noted though, that the 


reaction of substances and mixtures which in contact with water emit flammable 


gases may result in an explosive atmosphere of the flammable gas in air. For 


desensitized explosives this would cause an unnecessary additional risk. 


Desensitized explosives are diluted with a phlegmatizer by definition and often 


water is used for this purpose, so that such a combination would be really 


uncommon anyway and might apply only if other phlegmatizers than water are 


used. Hence, the combination of these hazards is possible, but highly unlikely.  


Flammable and explosive properties are inherently covered by the classification 


and the according hazard communication of organic peroxides (see 2.15 above). 


Clearly, double-classification as desensitized explosive and as organic peroxide is 


neither intended nor necessary.  


The testing procedure for corrosive to metals requires heating of the test 


substance to 55 °C for at least a week. For safety reasons, this should be 


avoided for desensitized explosives. Only in cases, where the corrosivity is known 


based on experience, simultaneous classification is justified and reasonable.  


In summary, desensitized explosives should only be considered for classification 


as substances and mixtures which in contact with water emit flammable gases 


and possibly, in special cases, as corrosive to metals. For an overview of all 


cross-classifications see Table 1 in the Summary.  







UN-GHS ‒ Physical hazard classifications of chemicals: A critical review of combinations of hazard classes 


 25/27 14.03.2017 


3 Summary and conclusions 


One of the fundamental principles of the UN-GHS is that all hazards of a chemical 


should be assigned and communicated. There is no general prioritization of 


hazards in the sense that certain hazard classes are not applicable or should not 


be assigned just because another one has been assigned. However, and in 


contrast to health hazards, there are physical or chemical factors which preclude 


simultaneous assignment of certain physical hazard classes. Furthermore, some 


of the hazard classes cover more than one type of hazard on purpose. For 


example aerosols cover the flammability and the pressure hazard. For others, it 


is clear that the flammability hazard is intended to be covered inherently, for 


example for self-reactive substances and mixtures. These and further factors 


have not been discussed systematically yet and hence there is no overall 


approach or clear guidance on relevant (or impossible) combinations of physical 


hazard classes. 


A common understanding which physical hazards might be assigned 


simultaneously to a substance or mixture and which ones are mutually exclusive 


on the other hand, would be highly beneficial for the purposes of a consistent 


and harmonized classification of chemicals all over the world. Therefore, all 


combinations of physical hazard classes according to the GHS were explored. The 


focus was on combinations of hazards that may be encountered in substances 


and mixtures which are of any practical relevance. In the authors' view, 


combinations that are of theoretical importance only, should not be over-


emphasized by a system aiming at a globally harmonized hazard communication 


system which is supposed to be applied and understood all over the world.  


For this purpose, a comprehensible outline of relevant (and on the other hand of 


impossible) combinations of all physical hazard classes according to the UN-GHS 


is presented herewith and arguments for the respective conclusions are provided. 


The conclusions are summarized in Table 1, for detailed explanations on the 


allocation of the colors see the last paragraph of 2 above.  
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Table 1 Cross-classification / Combinations of the physical hazard classes of 


the UN-GHS  


To be read in connection with the explanations in 2.1 to 2.17 above  


GHS Chapter /  


Hazard class 
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2.1 Explosives  p  p p             


2.2 Flammable gases p     p p p p p p p p p p  p 


2.3 Aerosols                  


2.4 Oxidizing gases p     p p p p p p p p p p  p 


2.5 Gases under pressure p     p p p p p p p p p p  p 


2.6 Flammable liquids  p  p p  p a  p    p a   


2.7 Flammable solids  p  p p p  a p    p  a   


2.8 Self-reactives  p  p p a a           


2.9 Pyrophoric liquids  p  p p  p   p    p    


2.10 Pyrophoric solids  p  p p p   p    p     


2.11 Self-heating  p  p p             


2.12 Water-reactives  p  p p             


2.13 Oxidizing liquids  p  p p  p   p    p    


2.14 Oxidizing solids  p  p p p   p    p     


2.15 Organic peroxides  p  p p a a           


2.16 Corrosive to metals                  


2.17 Desensitized explosives  p  p p             


Explanation 


p not possible due to the physical state associated with the hazard class 


 not possible based on explicit according information in the GHS 


 not possible or not relevant due to other reasons 


 might be possible under certain conditions 


 possible 


a 
self-reactive substances and mixtures or organic peroxides of type G might have to be 
classified as flammable liquid or flammable solid if a flammable diluent is used 


The assessment as outlined in this publication and summarized in Table 1 shows 


that there is a comparatively large number of combinations for which an 


unambiguous decision based on the GHS is not possible (orange and yellow 


combinations). This confirms that the question which physical hazard classes 


might be assigned simultaneously to a chemical is not trivial. In the course of the 


implementation of the GHS by countries or sectors (supply and use, workers 


protection, transport) and the actual application by industry all over the world, 
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this question becomes more and more important though. As one more milestone 


on the path to a globally harmonized system for the classification of hazardous 


chemicals, this should be discussed and ultimately solved on a global basis. Once 


a common understanding of relevant combinations of physical hazards is 


achieved, an efficient strategy for the classification/testing of unknown chemicals 


with regard to physical hazards can be established. It is the intention of the 


authors to follow-up accordingly and to develop such strategies including flow-


charts for gases, liquids and solids.  
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