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Hazardous gases in the vicinity of active volcanoes
Each volcano is unique. Explosive eruptions occur when magma
disintegrates due to the expansion of magmatic gases. Plinian eruptions
occur at sea and below glaciers, but effusive eruptions are the most
common in Iceland where fissure eruptions occur frequently. During
volcanic eruptions, various gases are emitted that are dispersed in the
prevailing wind direction, but the concentration is greatest in the
immediate vicinity of the volcano. Air pollution can be hazardous to
humans, animals, vegetation and property.
The most common volcanic gas in volcanoes is water vapour, which is
harmless. Carbon dioxide (CO2), sulphur dioxide (SO2) and hydrogen
sulphide (H2S) are also emitted. Lesser amounts of hydrogen chloride
(HCl), hydrogen fluoride (HF) and carbon monoxide (CO) can also be
emitted. The same volcanic gases can be found in geothermal areas.
Air pollution may also contain metals, such as lead and mercury.
When lava flows into the sea, it creates large steam plumes (haze)
that contain HCI, HF and volcanic glass particles.

Volcanic gases are colourless but have different odours
SO2

Similar odour to fireworks on New Year’s Eve.
The most common pollution in Iceland.

H2S

Smells like hot springs or rotten food, i.e. eggs.

HF and HCl
CO2 and CO

Irritating, strong, bothersome, pungent smell. This
gas pollution most commonly occurs when lava
reacts with sea water.
Odourless and therefore particularly hazardous.
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More on the contents of air pollution due to volcanic
eruptions
A volcano can be compared to a spray-can that distributes gas into the atmosphere,
which then forms tiny solid particles or liquid droplets called aerosols,
(PM2.5─PM10) 30x smaller than the width of one human hair. The most common
is SO2 that is dispersed in the prevailing wind direction, but the concentration is
greatest in the immediate vicinity of the volcano. In the event of a volcanic eruption,
air pollution monitoring is significantly expanded and the number air quality
measurement stations is increased in settled areas in the vicinity of an erupting
volcano. The smallest particles of air pollution can be inhaled into the lungs.
The Icelandic Meteorological Office measures pollution in the vicinity of an
erupting volcano and prepares a dispersion model and prediction based on the
measurements. The Environment Agency of Iceland measures pollution in settled
areas.
Information on pollution in inhabitated areas can be found on www.loftgaedi.is.
Colour codes for various air pollutants are published there. Each colour indicates
the potential health impact on both healthy individuals and at-risk groups, such as
children and individuals with underlying lung or heart disease.

The colour codes are based on the limits defined in Icelandic regulations

The health protection limit for the hourly average concentration of sulphur dioxide
(SO2) in the atmosphere is 350 µg/m3. So the colour code moves to red if the
concentration of SO2 goes over 350 µg/m3. The colour codes are generally based
on extended outdoor activities. Therefore, sensitive groups are not recommended
to avoid outdoor activities until the code is red, i.e. severely compromised air
quality. For example, pollution from sulphur dioxide moves to orange when the
concentration of SO2 is between 200─350 µg/m3. In this range of concentrations,
no restrictions are placed on outdoor activities, but sensitive individuals are
informed that they may experience symptoms.
It should be noted that the colour codes do not differentiate between air pollution
that is just above the health protection limit and that which is many times over it.
Thus, the colour code makes no difference to the recommendations whether the
concentration of SO2 is 350, 3500 or 35,000 µg/m3.
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In the vicinity of eruption sites – The public
Before heading off: Familiarise yourself with the type of eruption
and potential risks regarding pollution. Follow the Department of Civil
Protection and Emergency Management’s instructions and check the
weather forecast, especially the wind direction. Children and adults
with underlying health conditions are more sensitive to pollution from
an erupting volcano.
Children are more sensitive to air pollution and are
categorised as a sensitive group. It is not recommended that they
stay for longer than 15 minutes in a location where the air pollution is
over the health protection limits. This also applies to pregnant women,
the elderly and heart and lung patients.
Dress appropriately for the weather and bring snacks.
Inform relatives or friends about your travel itinerary before
you leave. Choose a route according to the wind direction.
Head off with the wind in your back. Take special precautions in
calm weather, as pollution often accumulates in depressions / small
valleys.
Follow the instructions of response units if they are present.
If a gas detector warning sounds, retreat immediately and walk uphill.
Keep a safe distance from the volcano. Pumice (1─64 mm) can
be expelled and could hit you. New lava flows can form suddenly.
Keep away from depressions in the landscape and follow
ridges. Volcanic gases are often heavier than the atmosphere and can
accumulate in depressions. Volcanic gases are colourless but have
different odours. In the immediate vicinity of eruptions, gases can be
life-threatening. Special mention should be made of CO2, which is
odourless, and H2S, which is associated with the odour of hot springs
/ rotten eggs. Be aware that sensitivity to the odour disappears after a
certain time. Sudden deaths can occur during a stay in this type of
pollution.
Do not stay for long in the vicinity of eruption sites.
Make your own plan if a warning is issued. Keep calm and walk
away from the eruption site. Walk up the nearest ridge or hill and keep
to the highest points in the landscape. Breathe through your nose.
Exertion will cause you to breathe in more pollutants.
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In the vicinity of eruption sites – Response units and
experts at work
A written travel itinerary must be available. Do not travel
alone.
Safety equipment according to conditions by the volcano:
Gas detector, gas mask, dust mask, GPS, communications equipment,
helmet, protective/dust goggles, batteries and replacement filters.
Responders should be familiar with the use of equipment and review
its use before proceeding.
CAUTION. Gas masks do not provide protection from CO2 and
CO. In general, there are no meters at the location that measure this
pollution. Special care regarding this must be taken when entering
depressions in the landscape.
EMERGENCY EQUIPMENT. Oxygen masks and oxygen tank
should be included in the equipment on site.
If a gas detector indicates pollution, response units / experts
must immediately retreat and convey the message to
others in the area.
Gas concentration values - Air pollution in the vicinity of
eruption sites
The Administration of Occupational Safety and Health website has
information on cautionary measures that must be taken for
employees working on measurements, surveys or other tasks near
an erupting volcano where there is danger due to poisonous and
hazardous gases.
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Acid rain
In the vicinity of volcanic eruptions the rain and moisture can be quite
acidic. This is most often caused by oxidation of the emitted sulphur
(SO2) to sulphuric acid (H2SO4) in addition to the emitted HCl and HF
emitted from the vent. The sulphuric acid continues to form in the
volcanic plume when sulphur dioxide reacts with water (H2O) in the
atmosphere. Acid rain causes stinging irritation in the eyes and skin. It
accelerates degradation of metals and can damage vehicles, roofs, and
other property and infrastructure. Acid rain can also impact the water
quality, e.g., by changing its chemical composition, have impact
vegetation and other ecosystems.

The dispersion of air pollution from active volcanoes
The Icelandic Meteorological Office publishes a pollution forecast on
its website, which is a model predicting the dispersion of gases. Air
pollution travels on the prevailing wind direction, and the
concentration of pollution is in proportion to the amount emitted by
the volcano and distance from the volcano.
The Meteorological Office’s website also has a registration form
where the public can submit information about odours they smell and
can be traced to an active volcano, i.e. the smell of sulphur.

Measurements in Holuhraun
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Can air pollution have a serious impact on people’s
health?
The attached table, Short-term effects of SO2, depicts guidelines for
responses to air pollution due to a volcanic eruption. The guidelines
are based on 10─15 minutes of exposure to air pollution. If the
exposure is longer, more health effects can be expected. The purpose
of these guidelines is, amongst others, to ensure that daily operations
can continue, as much as possible, without harming people’s health.
For example, If the concentration of SO2 is 700 µg/m3 (which is twice
the health protection limit), according to the table, after 10─15 minutes
of exposure to polluted air, symptoms could be expected in sensitive
individuals. People can travel to and from work and school. School
operations would remain normal for the most part, but children should
not be allowed to play outdoors.
If pollution is over 14,000 µg/m3, nobody should be outdoors and
school operations should be suspended. All non-essential operations
should be temporarily suspended. Response units working outdoors
should wear gas masks.
Definitions
ppm is parts per million and describes how much of the air is in the
form of the relevant substance. gas detectors usually measure in ppm.
µg/m3 describes how many micrograms of the relevant gas are in each
cubic metre of air. The Environment Agency’s local air quality
monitoring stations publish data in µg/m3 on loftgæði.is.
These are both units that describe the amount of the relevant gas, but
it varies which unit is used.
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Short-term effects of SO2
Concentration 0─2600 µg/m3 – effects and guidelines

*All children. Adults with asthma, bronchitis, emphysema and cardiovascular diseases. Pregnant
women, the elderly.
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Concentration 2600─14,000 µg/m3 – effects and guidelines
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Very high levels – Severe pollution from substances
other than SO2
H2S

Very high levels affect the sense of smell, and you will stop smelling odours
(hot spring odour, rotten food/eggs). Very high levels cause fatigue, loss of
appetite, respiratory tract irritation and mental confusion. Respiratory tract
irritation or breathing difficulties may occur in asthmatics, as may headaches,
nausea and irritation in the eyes in a 2─5 ppm concentration of H2S. Very
high levels (over 500 ppm) can cause rapid unconsciousness or sudden death.

CO2

The concentration of CO2 is around 400 ppm; exposure to around 50,000
ppm may cause headaches, sweating and increased heart rate. If the
concentration of CO2 increases, dizziness, breathing difficulties, muscle
weakness, mental confusion, drowsiness, ringing in ears and nausea or
vomiting may occur. At very high concentrations (over 100,000 ppm), CO2
can cause rapid unconsciousness, asphyxiation and acute death. Gas masks
do not protect against high concentrations of CO2 unless they are
connected to an oxygen tank.

HCl and HF

High levels of HCl (50─100 ppm) and HF may cause pulmonary oedema,
which is life-threatening.
Special care should be taken where lava flows into the sea.
HF concentrations over 50 ppm are hazardous, even for a brief exposure
(minutes).
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Indirect effects of severe air pollution
Driving. Major air pollution affects concentration, and very high levels of SO2 may
cause unconsciousness.
Water pollution. Let water run before use and follow the recommendation of the
authorities. Do not drink water from an open water source when air pollution is
consistently over the health protection limits.
Effects on flora and fauna. Crops may be at risk. Wash fruits and vegetables before
consuming. Animals may experience respiratory difficulties. Ensure access to clean
water and feed. The Icelandic Food and Veterinary Authority (MAST) recommends
that visitors do not bring their dogs to the eruption site. The air in the area is
significantly polluted by compounds that may have harmful effects on dogs. In addition,
there is the risk of various accidents. Further information can be found on the website
of MAST.
Damage to infrastructure. Acid rain can damage surfaces, especially iron, and can
effect power facilities and power utilities.

Huge crowds gather at the eruption site in
Geldingadalir in Fagradalsfjall.
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What can you do to protect you and your family from air
pollution during a volcanic eruption?
• Increase your knowledge by studying reliable information.
• Familiarise yourself with the Icelandic Meteorological Office’s air
pollution dispersion model and follow the recommendations of the
health authorities.
• Know the main responses, such as staying indoors and closing
windows. Everything that reduces exposure to pollution helps. Use
a mask to cover your nose and mouth if you have to be outdoors.
Breathe slowly through your nose. See table on pages 8 and 9.
• Sensitive individuals should consult with a healthcare professional
(heilsuvera.is) regarding medications and anything else that might be
useful.
• Assist neighbours, relatives and those who need assistance as much
as possible.
• Inform those closest to you.

Measures to protect against SO2 pollution indoors
•
•
•
•

Close windows and reduce access around the front door.
Raise the temperature in the house.
Air it out as soon as the air quality outdoors improves.
Advice for reducing SO2 indoors:
o Dissolve a teaspoon (5 g) of baking soda in a litre of water.
o Soak a towel in this solution.
o Wring most of the water out so it doesn’t leak.
o Use washing clips to hang the towel on a drying rack or similar in
the space you want to purify.
o To ensure better air purification, it could be useful to have an
electric fan blowing on the damp towel to increase air flow.
o Set the rack up in the room you want to purify the air in.
o For the towel to retain its effectiveness, it must be damp. You can
maintain the humidity by spraying the towel regularly with water.
o For long-term air pollution, the towel should be rinsed twice a
day with running water and re-soaked in the baking soda solution.
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The photograph is of the sun, from Reykjavík,
at 9:00, when the Holuhraun eruption occurred.
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