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UCL SCHOOL OF PHARMACY  
Solvent and Volatile Substance Abuse (VSA)

Solvent and volatile substance abuse (VSA) is an increasing (perhaps under-recognized) concern in many nations and communities, particularly where poverty, prejudice and lack of opportunity are common. More than one person/week dies from VSA in the UK; in fact, VSA kills more young people than illegal drugs. The youngest death recorded was just 7 yrs old. ~8% of 11-16 years have experimented with volatile substances. A number of other factors also contribute to VSA, including peer pressure, broken or dysfunctional families, low academic performance at school, peer rejection or alienation, alcohol or drug abuse, and physical or sexual abuse.

WHAT IS VSA 

VSA, often referred to as “solvent/inhalant abuse” or “sniffing”, is the deliberate inhalation of organic volatile chemicals found in many everyday products, such as solvent-based adhesives (glue-sniffing), butane gas (cigarette lighter refills), aerosols, and numerous other products, for the purposes of achieving euphoria or intoxication.  The phenomenon is not new. There are references to the inhalation of vapours in Greek and Judaic history [the inhalation of vapours from burnt spices and aromatic gums was considered part of a pleasurable act of worship]. During the 19th century, the inhalation of anaesthetics such as N2O and ether became a recreational activity, prior to their adoption for surgical anaesthesia.  Thus, VSA as it is known today, has a long tradition.
PREVALENCE 

Every region of the UK is affected by volatile substance abuse. Young people who become involved with sniffing may come from all kinds of social backgrounds. Research has indicated that 20% of boys and 21% of girls aged 15 to 16 years of age have at some time inhaled volatile chemicals found in domestic consumer products.  Since 1989, the abuse of volatile chemicals found in legal domestic products has risen by around 500%.  There also appears to be an increasing amount of VSA reported in the US military.                                                       

WHAT ARE THE TYPES OF PRODUCT BEING ABUSED?

Any organic compound which is gaseous or which will easily vaporise at room temperature, has a psychoactive effect and does not produce highly irritating effects can be misused. Consequently, there are possibly over 1,000 common products subject to abuse. These include:

Volatile gases, solvents, solvent based glues ­ lighter fuels (butane gas), thinners, spray paint, dry cleaning fluids, correcting fluids (Tipp-Ex,etc.), magic markers, nail polish remover, toluene, petrol; moth-balls
Aerosols ­ deodorants, hair sprays, furniture polish, pressurised products, air fresheners, analgesic sprays; 

Anaesthetic gases ­ nitrous oxide, (contained in whipped cream aerosol dispensers-also sold in balloons for inhalation), ether, halothane;
Nitrites ­ amyl nitrite (‘poppers’) and butyl nitrite. 

Commonly Abused Volatile Substances and Their Sources

 VOLATILE SUBSTANCE                           PRODUCT SOURCE

 Butane, isobutane, propane             

Cigarette lighter refills, fuel gas,

 
Aerosol propellants

Chlorofluorocarbons (halons)              
Aerosols, refrigerants, fire extinguishers

Toluene, hexane, xylene


Adhesives, paints, thinners

1,1,1-trichloroethane, Trichloroethylene 
Typewriter correcting fluid, degreasing

(Trilene), Tetrachloroethane 


agents, dry cleaning fluid

METHODS OF USE

The methods of use vary also - from directly sniffing products from their containers, to pouring substances into plastic bags and inhaling from the bag (‘bagging’) - through to spraying aerosol sprays directly into the open mouth -  this can be highly dangerous, as death can occur due to vaso-vagal inhibition of the heart;  [rapid cooling of the palate, larynx, and pharynx by the release of butane fuel or aerosol propellant gas under high pressure can induce a vasovagal reflex that decreases the heart rate and can generate profound bradycardia or even asystole.

Less commonly, a handkerchief, rag, or the sleeve of the abuser's clothing is soaked with the volatile solvent, and the moistened cloth is placed over the nose and mouth (‘huffing’).

WHAT ARE THE DANGERS? 

Adolescents are often unaware of the health threats posed by inhalation of solvents. Anyone who experiments with volatile substances is placing him or herself at serious risk of Sudden Sniffing Death due to:

· Choking on vomit.

· Heart failure as a result of the direct toxic effects of the substance -  certain    

      solvents, such as the aliphatic hydrocarbons and alkyl halides, are   

      arrhythmogenic and can sensitize the heart to the effects of noradrenaline. 

· Suffocation through the use of plastic bags over the head during   

      administration.

· Accidents while intoxicated. 

Inhalation of volatile substances basically creates a lethal triad of direct myocardial sensitization, hypoxia, and increased endogenous catecholamine sensitivity, manifested as cardiac arrhythmias refractory to resuscitative efforts.

 ~40 per cent of solvent-related deaths occur after a single sniffing episode. Unlike other drugs there is no known safe dose or safe method of use. Between 2001 and 2020, 716 people in England and Wales died as a result of using volatile substances.
Most VSA-associated deaths involve butane gas found in cigarette lighters; butane replaced many of the CFCs, as the propellant in aerosols, and aerosol-related deaths (typically hairsprays and deodorants) have accounted for 8% of the total fatalities since 1971. Inhalation of glues (mainly contact adhesives) has accounted for far fewer of the deaths (9%) than might have been expected, given that VSA is sometimes generally referred to as ‘glue sniffing’.

The prolonged use of solvents entails significant risk of brain damage to                     the user. Other serious health problems observed in chronic sniffers                     include:

· Respiratory difficulties (chemical pneumonitis); liver malfunction; kidney damage (proteinuria and haematuria); metabolic and electrolyte disturbances (hypokalaemia, hypophosphataemia and hypocalcaemia); blood abnormalities; and central and peripheral nervous system damage. 

· While many abnormalities appear to be reversible when the individual stops using the inhalants, some conditions, particularly cerebral, cerebellar and brain stem atrophy, as well as damage to the optic nerve and peripheral neuropathy, can be permanent: (because the brain is a lipid-rich organ, chronic solvent abuse damages brain cells!!). 

Other hazards include:

· violent or aggressive/bizarre behaviour,

· suffocation (hypoxia and hypercapnia), 

· burns sustained when gasses have been ignited 

(e.g. “fire breathing” or “torch breathing” after butane inhalation)

· minor frostbite of the lips and tongue, or fatal freezing of air passages due to freezing properties of many solvents
Clinical presentations of VSA can include:

· drunk, dazed or dizzy appearance, 

· perioral eczema or “glue sniffers rash”, 

· oesophagitis and gastritis, together with epigastric pain, and sometimes

· “coffee ground” vomit with an unusual odour. 

Other symptoms can include:

· dyspnoea and a non-productive cough, 

· sleep disturbances and irritability, 

· neurological disorders, like slow, slurred speech, ataxia (gait disturbance), loss of coordination, confusion, delusions, visual/auditory hallucinations, memory loss, parathesias and visual disturbances.

Some studies have also identified foetal solvent syndrome in children born to women who use solvents during pregnancy.

MORTALITIES 

Since the early 1970s when VSA first came to public attention, the number of VSA-related deaths has been substantial - 1,520 since 1971, peaking in the early 1990s and tailing off since then.  The highest recorded deaths are for young people aged between 15 and 19 (usually with no previous history of VSA) with males outnumbering females by at least 7:1.  ~60% of the deaths in 1997 resulted from sniffing taking place in the home or in the home of a friend.  

Between 1989 and 1995, 60 people died from taking ecstasy while over 660 young people died as a result of volatile substance abuse.

DETECTION OF INHALANT ABUSE 

Chronic heavy inhalant abusers may be identifiable because of poor hygiene and grooming, frequent episodes of intoxication, loss of appetite, weight loss, and a conspicuous odour of the inhalant (exhaled via the lungs or product spilled onto clothing during use). 

Additional clues include:

· red or runny eyes and/or nose

· stained clothing, flecks of paint or glitter on the face and perioral rash (related to inhalants drying the skin) 

· correction fluid on fingernails

· sitting with a pen or marker near the nose

· finding products of abuse stored in unusual locations, or a large cache of potential inhalants, often suggests inhalant abuse
· deviation from normal behaviour - this can be an indicator of potential dysfunction in the adolescent and can be a sign of inhalant abuse. 

Urine drug screens do not usually detect these chemicals; laboratory testing for organ dysfunction should only be considered in chronic abusers. 

WHAT ARE THE EFFECTS? 

In general, the effects of sniffing can be described as disorientation caused by the toxic effects of the chemicals. Due to their lipophilicity, the effects of inhaled solvents take hold quickly as the substance enters the bloodstream directly through the lungs rather than the stomach. The effects therefore appear within minutes of inhalation.

The cortical centres are initially affected and this produces the euphoric ‘high’, together with slurred speech and ataxia, rather akin to the initial effects produced by alcohol. The user will commonly experience disorientation, altered perception or hallucinations, and a general feeling of confidence.

Less pleasant effects include nausea, vomiting, tinnitus, sneezing, flushing and coughing.  Dangerous delusions, such as an imagined ability to fly or swim, have also been reported, which have led to deaths.

The initial effects of sniffing usually last for 15 to 45 minutes, therefore the user would need to continue sniffing to maintain the desired effect. Experienced users have been known to maintain the high for up to 12 hours by continuing to inhale the vapours. The user will feel drowsy for the next two hours or so as the effects wear off, with headache as the most common after effect.

DEPENDENCE

The abuse and dependence potential of solvents has not been fully evaluated. However, there is some evidence that withdrawal symptoms can occur which can include hallucinations, nausea, excessive sweating, hand tremors, muscle cramps, headaches, chills and delirium tremens, and also that inhalant abuse can lead to the abuse of other substances.  

Animal experiments suggest that some anaesthetic gases, such as N2O and inhaled toluene, do result in self-administration, implying that they produce positive reinforcing effects. Nevertheless, daily exposure of mice to toluene or trichloroethane, did not result in tolerance to the behavioural effects of these agents. 
[Some recent evidence suggests that exposure of mice to toluene vapour daily for 5 days, enhanced their responses to subsequent administration of methamphetamine, suggesting that inhalants could increase the risk associated with the use of other drugs of abuse].

Thus it appears that solvents do not give rise to the powerful reinforcing effects of drugs such as heroin or amphetamine, but they do exert strong psychological effects and provide the user with a means of escape from reality.

MODE OF ACTION

The volatile solvents (like alcohol) are best regarded as CNS depressants and, as such, their mode of action is probably analogous to that of other volatile inhalational anaesthetic agents, involving effects primarily on GABAARs (potentiation) and NMDARs (inhibition); also glycine (+), 5HT(3) (+) and nicotinic ACh Rs (-).  Many solvents are exhaled unchanged, though most undergo hepatic cytochrome P-450 oxidation to produce less toxic metabolites. Solvents, such as carbon tetrachloride, chloroform and dichloromethane, can give rise to free radical metabolites which cause hepatotoxicity.

IS VSA ILLEGAL? 

VSA itself is not illegal nor is possession of solvents. Criminalization of the user is probably not a meaningful deterrent for the prevention of inhalant abuse either for the experienced user or for the initial experimenter.  

Under the Intoxicating Substances (Supply) Act of 1985, (now repealed) it was an offence for a person to supply, or offer to supply, any volatile substance to someone under the age of 18 if there was reasonable cause to believe that the substance was, or it's fumes were, likely to be inhaled for the purpose of intoxication. Each offence against the Act carried a fine of up to £5000, or a six-month prison sentence, or both.  There is little evidence of any substantial prosecutions under this Act.
It is however, still an offence, under the Cigarette Lighter Refill (Safety) Regulations of 1999, to supply any cigarette lighter refill canister containing butane, or a substance with butane as a constituent part, to any person under the age of 18 years.  The maximum penalty for a breach of the Regulations by the retailer, is currently a six-month prison sentence, a fine of up to £5000, or both.  Once again, this law has been hard to enforce, and only a handful of prosecutions (if any) are brought per year.  

In May 2016, the ISSA 1985 was replaced by the Psychoactive Substances Act 2016 essentially intended to ban ‘designer’ psychoactive substances, also generally known as ‘legal highs’, in the UK and to prevent the supply of these previously unregulated and frequently harmful substances for human consumption. The Act also now includes other substances that have been used as intoxicants for many years, e.g. nitrous oxide, also often referred to as ‘legal highs’; additionally, it will affect conventional retailers responsible for suppling products that contain potentially psychoactive substances, e.g. solvents and butane gas. The new Act is thus intended to cover psychoactive substances that aren’t covered by the existing Misuse of Drugs Act 1971.
The offences no longer relate to the supply to young people under 18 but affect supply to people of any age. It is also an offence for a psychoactive substance to be supplied somebody acting on behalf of someone else who will consume it (‘proxy purchasing’).
The new Act creates criminal offences mainly covering the production and supply of a ‘new’ psychoactive substance.
· producing a psychoactive substance 
· supplying, or offering to supply, a psychoactive substance 

· possession of a psychoactive substance with intent to supply it 
· importing or exporting a psychoactive substance 

· possessing a psychoactive substance in a custodial institution (prison)

The maximum penalty, on conviction on indictment, is 7 years’ imprisonment, an unlimited fine, or both.
For the purpose of the Act, a new or existing substance (New Psychoactive Substance: NPS) that produces a psychoactive effect to be covered by the new legislation, is something that can affect a person’s mental functioning or emotional state by stimulating or depressing their (central) nervous system. 

The Act specifically applies to substances which are supplied for human consumption for their psychoactive effect unless they are exempt (food, medicine and controlled drugs, alcohol, nicotine and tobacco products, caffeine). 

Substances that are sold by a retailer for their intended use, e.g. cleaning, gardening, industrial use, are not affected.

All substances that were covered by the ISSA 1985 will now be covered by this Act. These will include the following:

· solvent-based glues

· correction fluids/thinners

· marker pens

· any kind of aerosols

· anti-freeze

· nail varnish/nail varnish remover

· nitrous oxide*
*Nitrous oxide (N2O) has presented a particular problem in recent years as a ‘legal high’. Joseph Priestley discovered N2O in 1772. It is a colourless sweet-tasting gas often referred to as ‘laughing gas’ which is legitimately used in medicine and dentistry as a general anaesthetic. It is also sold as an aerosol spray propellant within whipped cream canisters (“whippets”). People inhale the gas from small refill canisters in order to obtain a recreational ‘high’ or dispense the gas from larger canisters into balloons, which are then used to inhale the gas.  It is now considered as the second most commonly used recreational drug in England and Wales after cannabis. It is possible to become addicted to N20 (now formally called nitrous oxide inhalant use disorder) with some abusers using hundreds of canisters per day to achieve a persistent high. Chronic abusers commonly develop Vitamin B12 deficiency with potentially serious neurological outcomes such as toxic myeloneuropathy.
56 deaths were associated with the misuse of N2O between 2001 and 2020. A teenager died after inhaling the gas (also called ‘hippy crack’) at a house party in SE London in July 2015.
Retailers are thus advised to pay particular attention to the potential for abuse of nitrous oxide, particularly where customers are trying to purchase in bulk or in unusually large volumes.
Interestingly, so-called ‘poppers’ (amyl nitrite and butyl nitrite) commonly used as a party drug, will not be banned under the new legislation, as they are regarded not to directly stimulate or depress the CNS.
In November 2023, the UK law was updated to make possession of nitrous oxide illegal if it is, or is likely to be, wrongfully inhaled, by classifying it as a Class C drug under the Misuse of Drugs Act 1971. It is therefore now a criminal offence in the UK to be found in possession of the drug where its intended use is to be inhaled 'to get high'. Repeat illegal users of nitrous oxide now could face up to 2 years in prison and dealers up to 14 years. It will continue to be lawful for catering purposes and in maternity wards when used as pain relief during labour.
PREVENTION 

Generally limiting the availability of inhalants is impractical because they comprise a large group of universally available products that have legitimate uses. Restricting some product availability merely results in a shift to the use of other products or creates a black market for the restricted products.

The major impetus for change rests with the notion of prevention and education through harm minimization by healthcare professionals, the Department of Health and manufacturers.  Education is considered as the most effective preventive strategy if it is initiated before the usual age of experimentation (particularly in areas where inhalant abuse is prevalent).

Harm minimisation 

As the problem of VSA became more widespread during the 1980s, the harm minimization approach was widely adopted. This principle accepted that people were unlikely to stop inhaling solvents, and sought to reduce the harm and danger associated with their use.

Early advice centred around the fact that aerosols were more dangerous than glues and, since suffocation with plastic bags was responsible for many of the deaths, people were encouraged to use smaller bags. Other advice related to specific aspects of inhalation practice, e.g. not to spray aerosols directly into the mouth or to avoid inhaling alone or in areas of potential risk of injury, such as riverbanks, railway bridges or railway lines.

The Department of Health 

In 1992, and 1994, the DoH launched a campaign to raise awareness of VSA and has produced booklets such as “Solvents: a parents' guide”. It is thought that the increased public awareness of the problem led to the fall in the number of reported deaths after 1992.

Much of this early harm minimization advice has now been criticized: The simple message nowadays is – “VSA is too dangerous, don't do it”. However, the provision of education in schools about the dangers of VSA is strongly encouraged. Awareness of VSA is also raised by the work of charities such as Re-Solv.
The Government has recently launched another campaign through advertisements in magazines and newspapers in an effort to raise awareness of the problem.

Manufacturers 

There has also been strong pressure on manufacturers to change their formulations (trichloroethane has now been removed from correction fluid) and to restrict the size of cigarette lighter refills. However, the response of manufacturers has been limited and they have tended instead, to increase the awareness of retailers to the problems of VSA and how to recognize potential solvent abusers. They have also sought to add warning labels to their products, when these are liable to abuse (although this may be considered counterproductive because they allow children to identify sniffable substances easily).

TREATMENT

The treatment of inhalant users is difficult because of the many pharmacological, clinical, cultural and demographic factors that make this type of substance abuse unique. Such treatment therefore requires general counselling rather than specific substance abuse treatment, and may be most effective when conducted by reformed inhalant abusers. 

RECOMMENDATIONS 

· Health care providers are encouraged to increase their awareness of the unique clinical aspects and complications of inhalant abuse, particularly CNS damage and sudden sniffing death syndrome. 

· There is also a need to promote education about the health hazards posed by substance abuse to children, adolescents, parents, teachers, media representatives and vendors of volatile substances. 

· Information on inhalant abuse should be included in all substance abuse prevention curricula in primary and secondary schools, and particularly emphasized in communities where inhalant abuse is endemic. 

· Further research effort is needed to identify and evaluate prevention and treatment approaches that are specific for this type of substance abuse. 
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