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HYDROCARBON INGESTIONS

Fossilized remains of the giant extinct dragonfly Meganeura which had a wingspan of
over two and a half feet!

The Meganeura lived during the Carboniferous period 290 - 350 million years ago, when
atmospheric oxygen levels, it is thought, were much higher than they are today, allowing
plant and insect life to grow to truly prodigious sizes. Over eons of geological time the
decaying remains of this incredible age of luxuriant vegetation and monster arthropods,
produced most of world’s reserves of natural hydrocarbons, in the form of coal, crude oil
(or petroleum) and natural gas - compounds that provide most of the energy that drive
the human civilizations of the 20" and 21% centuries.

These “fossil fuel” reserves however, although immense, are not infinite and eventually
alternative sources will need to be found if human civilization expects to continue to live
in the manner in which it has become accustomed. Whilst we live off the stored energy of
ancient life, we also pay an ever increasing price in the form of atmospheric “carbon



emissions” that are the consequence of the chemical combustion of these fossil fuels. Left
unchecked, a mounting greenhouse effect will one day severely affect life on Earth - we
need only look at our twin planet Venus for a vision of greenhouse extinction in the
distant future. As humanity goes about its affairs, supreme in the confidences of its place
in the Universe and its own hegemony over it, we need pause to reflect that the affluence
and well being that we currently seem to enjoy, has a hidden cost, and it is a significant
one — one that our descendents will have to face. This will be no less than the future
survival of our species. If the consequences of our actions today are not carefully
managed, then in the far future humanity could join the fate of the extinct creatures upon
which today it so heavily relies.

Life reconstruction of the Meganeura, (from the BBCs “Walking with Monsters”, 2005).

Some humans, for reasons often known only to themselves, choose to ingest the products
of the Carboniferous period. Their risk of extinction from these products will then be of
somewhat more immediate concern than the rest of humanity!



HYDROCARBON INGESTIONS

Introduction

Hydrocarbons are organic compounds that are made primarily of carbon and hydrogen
sometimes in combination with a halogen.

Hydrocarbon compounds are organic compounds produced from a wide range of sources
including petroleum distillation (from fossil fuels in the form of crude oil or coal), plant
oils and animal fats.

These compounds are ubiquitous in society and those derived from fossil fuel sources
have provided most of the energy that has powered human civilizations of the Twentieth
and early Twenty First century.

They are widely used in both commercial and household settings as fuels, lubricants and
solvents.

Whether ingested or inhaled hydrocarbon compounds can result in:
° Rapid onset of CNS depression and seizures

° Aspiration causing a chemical pneumonitis.

° Arrhythmias only rarely.

Other end-organ effects are uncommon and usually associated with long term
occupational exposure rather than acute ingestions.

See also separate documents on:

° Essential Oils (in Toxicology folder)

° Solvent Abuse (in Toxicology folder)

° Camphor Ingestion (in Toxicology folder)

° Paint Gun Injuries (in Surgical Trauma folder)

Classification
Common examples include:
1. Aliphatic:
° Petroleum distillates.

™ Kerosene



° Turpentine

° “Essential” oils
2. Cyclic aromatic:

° Benzene

° Toluene

° Xylene

3. Cyclic halogenated:

) Methylene chloride.

° Carbon tetrachloride
° Trichloroethylene
° Tetrachloroethylene

See also Appendix 1 for a more complete classification of the hydrocarbons

Toxicity

The exact mechanism of CNS depression is unknown

Disruption of lung surfactant results in the chemical pneumonitis.

Arrhythmias, when they occur, are secondary to myocardial sensitization to the action
;)Ji Sendogenous catecholamines. The halogenated hydrocarbons are more prone to do

The mechanism of negative cardiac inotropic effect is unknown.

Some hydrocarbons, such as carbon tetrachloride, may be converted to toxic metabolites
by the liver.

Skin contact can result in severe dermatitis reactions.

Toxicokinetics

Absorption

Most toxic hydrocarbons are volatile.



Absorption following inhalational exposure is determined by:

° Concentration
° Duration of exposure
° Minute ventilation.

Absorption following ingestion is determined by molecular size, (the smaller the
molecule, the greater will be the absorption).

Absorption following dermal exposure is minimal, however contact dermatitis is
possible and may be severe.

Distribution
Distribution into the CNS is determined by lipid solubility.

Metabolism and excretion

Most hydrocarbons are eliminated unchanged via the lungs.

Some compounds are metabolized in the liver. These metabolites are then excreted in the
bile or urine.

Risk Assessment

1. The major risk following hydrocarbon ingestion is rapid onset CNS depression
and seizures.

2. For most petroleum distillates greater than 1-2 mis/kg is needed to cause
significant systemic toxicity.

3. Ingestion may be complicated by aspiration, with a subsequent chemical
pneumonitis developing over a period of hours, and this possibility should be
anticipated.

4. Large or prolonged inhalational exposure may lead directly to asphyxia

Toxicity is also related to three intrinsic chemical properties of the hydrocarbons:
1. Volatility:

) This denotes the ability of the substance to vaporize. Highly volatile
substances are more readily inhaled, ie gaseous fumes into the lungs.



) Examples of highly volatile substances include the aromatic and
halogenated hydrocarbons as well as gasoline, (these particular substances
also have low SSU values (see below)

) There may be significant systemic absorption with these substances.

Viscosity:

) Viscosity is defined as the resistance to flow. It is this property which
plays a major role in determining the aspiration potential of a
hydrocarbon, (ie the potential for the liquid, not gaseous fume, to flow into
the lungs)

) Viscosity is measured in Saybolt Seconds Universal (SSU)

° In general, if a hydrocarbon has an SSU < 60, there will be a high risk of
aspiration.

° If a hydrocarbon has an SSU of > 100, there will be a low risk of

aspiration.

Substances with an SSU of <60 | Substances with an SSU of > 100
Aromatic Hydrocarbons Motor/ Diesel oil

Gasoline Grease

Halogenated Hydrocarbons Mineral oil

Kerosene Paraffin wax

Mineral seal oil Petroleum jelly

Naphtha Tar

N-Hexane




Turpentine

3. Surface tension:
° Or “creeping ability”, refers to the cohesiveness of molecules on a liquid
surface.

A low surface tension allows for more rapid spread from the mouth to the
trachea.

It is the properties of viscosity and volatility which predominantly give rise to the
potential for lung injury:

° Aspiration of a low viscosity hydrocarbons.
° Inhalation of a high volatility hydrocarbons.

The high viscosity compounds (e.g. motor oil or petroleum jelly) have only a low risk of
systemic toxicity or chemical pneumonitis.

See also separate document for essential oil toxicity / camphor ingestion/ solvent
abuse.

Clinical features

1. Respiratory:
Immediate coughing and gagging suggests aspiration has occurred.
Features of a developing chemical pneumonitis include:

° Tachynpea

° Wheeze

° Hypoxia

° Hemoptysis

° Pulmonary edema, (non-cardiogenic)

In milder cases pulmonary signs may be delayed 4 - 6 hours.

In severe cases the onset of symptoms will be rapid.



Features typically progressively worsen over 24 - 72 hours.

Resolution (in survivors) tends to occur over 5 - 7 days

2. CNS:
) Depression of conscious state with deep coma may occur, with onset
usually within 2 hours.
° Seizures
) Chronic toluene abuse can result in a syndrome of dementia, ataxia and
peripheral neuropathy.
3. Gastrointestinal:
° Nausea and vomiting are common.
With low viscosity/ high volatility compounds, the risk of pulmonary
aspiration will be high should active vomiting or passive regurgitation (in
those with a reduced conscious state) occur.
4. Cardiovascular:
° Cardiac effects are not common, but if they occur, tend to occur early.
° The main manifestation is arrhythmias.
5. Dermatological:
° Dermal absorption is not significant; however significant contact
dermatitis reactions are possible.
6. Other:
Other less common systemic effects may be seen depredating on the particular
agent:
° Renal injury: toluene, carbon tetrachloride.
° Hepatic injury: carbon tetrachloride.
° Hematological: benzene (hemolysis, and in longer term leukemia)

Investigations

The need for investigations will be tailored to each individual case. The following may be
considered:



Blood tests
1. FBE

2. U&Es/glucose

3. Alcohol and paracetamol levels, (as co-ingestants).
4. Cardiac enzymes
5. LFTs

6. ABGs/ VBGs
ECG

Look for:

° Arrhythmias

° Ischemic chances
CXR

It should be noted that radiological changes will lag behind the clinical features of lung
injury.

Management
1. ABC issues:

° Tend to any immediate ABC issues as required
° Commence ECG monitoring.
2. Remove all contaminated clothing and wash skin.
3. Decontamination:
° Charcoal is not effective and is contraindicated in patients with reduced

conscious state or in imminent danger of this.

Additionally the increased risk of vomiting will result in pulmonary
aspiration.

° It may be considered in intubated patients who have taken other
coingestants that may benefit from charcoal administration.



4, Seizures:

° These are managed along conventional lines, commencing with

benzodiazepines.
5. Chemical pneumonitis:

) This is managed supportively with supplemental oxygenation.

° NIV may be required, in more severe cases intubation and mechanical
ventilation will be necessary.

° Bronchodilators can be given to relieve bronchospasm

° Corticosteroids and routine prophylactic use of antibiotics are not
indicated.

6. Cardiac:

° Tachyarrhythmias are best treated with beta blockers such as 1V
metoprolol, due to the cardiac sensitizing effects of hydrocarbons on the
myocardium.

° Catecholamine inotropes are problematic and should only be used with
caution.

Disposition:

Patients who are clinically well without cough, dyspnea, wheeze, and who have normal
vital signs (including pulse oximetry) at 6 hours may be medically cleared.

Patients with any symptoms or abnormal vital signs require admission for ongoing close
observation and supportive care as required.



Appendix 1

Broad Classification of the Hydrocarbons:

1. Aliphatic (chains)

2. Cyclic (closed chains)

° Alicyclics
° Aromatics
° Cyclic terpines.

3. Halogenated:
° Halogenated Aliphatics
° Halogenated Cyclics

Classification based on chain length:

The chain length determines the phase of the hydrocarbon at room temperature.
1. Short chain aliphatics (C1-4 are gases):
Aliphatic Hydrocarbons: (or alkanes have the general formula CnH2n+2)
° Methane (CHa)

° Ethane (CzHs)

° Propane (C3Hs) (Bottled LP Gas)
° Butane (CaH1o) (Lighters)
° Natural gas is a mixture of 85% methane, ethane 10%, propane 3%, and

butane 2%

2. Intermediate chain aliphatics (C5-15 are liquids):
Examples include:

° Gasoline (Motor fuel)

° Kerosene (Lamp fuel)

° Mineral seal oil (Furniture polish)



Naphtha (Lighter fluid)
Diesel oil (Lubricants)

N-Hexane (Plastic or rubber cements)

Long chain aliphatics (> C15 are solids):

Examples include:

Tar

Alicyclic Hydrocarbons:
v Naphthenes

v Cyclo-hexane

v Cyclo-pentane

Aromatic Hydrocarbons:

v Benzene

v Toluene

v Xylene

v Naphthalenes

Cyclic Terpines:

The wood distillates:

v Turpentine

v Pine oil

Halogenated Hydrocarbons:

These are generally used as industrial solvents.
v CCly

v Chloroform

v Methylene chloride



v Trichloroethylene

v Tetrachloroethylene
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